Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



• 



D.qilizMbvG00l^lC 



D.qilizMb,G001^IC 



jvGooi^lc 



Wisconsin Geolcgical and Natural History Survey. 

B. A. B1R<1B. Ph.D. ScJ>., DlRCtiir. 

BULLETIN HO. XII. SCIENTIFIC SERIES NO. 3. 



THE PLANKTON 



Lake Winnebago and Green Lake 



C. D WIGHT MaRSE 

Professor of Biolozy in Ri^on Colleee. 



MADISON, WIS. 

P1TBLI8HED Br THE State. 

October, 1903. 



oyGoOi^ft^ 



"GQlisconflin (Seolosfcal an& Itatutal Victors Sutveii>. 



BOARD W CO1MM1SSI0NBR5. 



John J. Datih, SecceUrr, 

Preaideat of the WUooiuia Aaadamj' ot SolBDoai, Altai aod 
LetWn. 



STAFF OF THE SURVEY. 

L. BiBQB, Dtreotor of the Snirer . 



V. B. QsAHT, GeolosiBt. 

Sarvey of Southwestem WisoooBiii. 
N. U. FBMNSiuti, SeologiBt. 

Phraloal GeogTBphj ot Lftka Besiou. 
C. D. HUUB, Biolofflgt. 

Bidlogi of Lnlies. 
L. a Shits, Ctfil Engiueei, 

Surrey ot Lakes and filvera. 
W. D. Smith, Field AnUtant, 
B. T. Hahoook, Flsld Ai 



T. C. CBAIIBHBI.IH, Fletstooeiie Qeologr- 



jvGooi^lc 



y 



Page 

Chaptkb I. OdTLinK o» Study 1-10 

L&ke Winnebago and Green Lake 1 

Methods or making collections 8 

Chafteb II. Ahhual DisTBifiuTion of thk Orbahibmb or thx 

Plankton ll-U 

DiBtribntioa ol C brevigpinogug and C. pulchellua in Wiscon- 

BiD lakes 37 

The "bloom" \ 38 

Annual distribution of the total plankton 88 

Constituents which produce plankton maxima 39 

ComparisoD of amount of plankton in diflerent years 41 

Comparison of plankton in Green lake and Lake Wiunebago. . 12 

Comparison with the plankton of other lakes 43 

Chaptbb III. DtsDuBSioN OF Bbbdlts 47-69 

Value of plankton collections 47 

Relative importance of plankton constituents in producing 

masima 49 

Comparison of plankton and temperature curres 49 

Comparison of curves of total plankton with curves of plankton 

contituents 61 

Horizontal distribution 61 

Comparison of plankton collections over muddy and stony bot- 
toms B8 

Craftkb IV. DisTRiBDTioii OF Speoibs 60-69 

Geographical distribution 60 

Comparison of the faunae and florae of different classes of 

lakes 62 

Comparison of plankton ot successive years 6S 

Belative valueof deep and shallow lakes for the prodaction of 

fish 67 

XuBT ow Fapkrs Quotrd 70-71 

162021 i:,..«,Google 



It contents. 

Page 

Afpkndix. Statistical Tablkb 73 

Table I. Total volumes of plankton per square meter in Green 

lake 73 

Table II. Total volumes of plankton per square meter in I<ake 

Winnebago 74 

Table III. Total volumes of plankton per square meter in va- 
rious Wiaconain lakes 75 

Table IV. Numbera of D, mmutna and D. siclli* per square 

meter in Green lake 77 

Table V. Numbers' of D. oregonenais per square meter in 

Lake Winnebago 79 

Table VI. Numbers ol £, lacuslrin per square meter in Lake 

Winnebago 78 

Table Vlt. Numbers ot £. tacaslris per square meter in Green 

lake 79 

Table VIII. Numbers ot L. maorurus per square meter in 

Green lake 79 

Table IX. Numbers of C. breviapinosus per square meter in 

Lake Winnebago 80 

Table X. Numbers of C. pulchellus per square meter in Lake 

Winneb^o 80 

Table Xt. Numbers of C. leucKarti per square meter in Lake 



Table XII. Numbers of 0. prasinus per square meter in 

Green lake , 

Table XIII. Numbers of copepod larvae per square meter in 

Lake Winnebago 

Table XIV. Numbers of copepod larvae per square met«r in 

Green lake 

Table XV. Nos. of Diaphanoioma brachyurum per square 

meter in Lake Winnebago 

Table XVI. Numbers of D. hyalina per square meter in Lake 

Winnebago 

Table XVII. Numbers of D. hyalinn per square meter in 

Green lake 

Table XVIII. Numbers of Bosmina per square meter in 

Green lake 

Table XIX, Numbers ot Eurycercus lamellafus per square 

meter in Lake Winnebago 

Table XX. Numbers of ChydoTua per square meter in Lake 

Winnebago 

Table XXI. Numbers of Leptodora per square meter in Lake 

Winnebago 

Table XXII. Numbers of Vypris per square meter in Lake 

Winnebago 

Table XXIII. Maximum depth of Wisconsin lakes 

Ihdkx 



ov Google 



ILLUSTRATIONS. 



PI^TK FAQS 

I. Curves of annual difitributioo o( Otoiotrichia per square 

meter in Lake Winpebago 6 

II. .Curves of annual distribution of IHaptomus siciliB and 

Diaptomus minutug per square meter in Green lake . 28 
III. Curves of annual distribution of JMaptomug oregonentia 

per square meter in Lake Winnebago .... S3 
IV. Curves of annual distributioD of £pigchura laoustria 

per square meter in Lake Winnebago . ' . , 25 
V. Curveaof annual distribution of Epischura laciutritjivt 

square meter in Green lake S5 

VI. Curves of annual distribution of Limnocalanut maoru- 

TVS per square meter in Green lake . , . , 86 
yil. Curves of annual distribution of Cyolopi brevitpinoaua 

per square meter in Lake Winnebago .... 86 
VIII. Curvee of [annual distribution of Cyclops brevigpinoiui 

per square meter Iq Green lake 96 

IX. Curves of annual distribution of Cyclops pulchellus per 

square meter in Lake Wiunebago - .... 37 
X. Curves of annual distribution of Cyclops Leuckarti per 

square meter in Gmen lake and Lake Winnebago 2S 

XI. Curres of annual distribution of Cyclopn prasinus por 

square meter in Green lake 29 

XII. Curves of annual distribution of copepod larvae per square 

meter in Green lake 89 

XIIT. Curves of annual distribution of copepod larvae per square 

meter in Lake Winnebago 29 

XIV. Curves of annual distribution of Diaphanosoma bra- 

chyurum per square meter in Lake Winnebago . 31 

XV. Curves of annual distribution of Daphnia hyalina per 

square meter in Green lake 31 

XVI. Curves of annual distribution of Daphnia hyalina and 

D. reiroourva per square meter in Lake Winebago - "-^ 



ovGoo^lc 



ILL US TEA TIONS. 



XVII. Cnrree of annuftl distribution of Bosmina par square me- 
ter ID GreeD lake 

XVIII. Carres of annual distribution of Eurycereut lamellatus 

per square meter in Lake Winnebago . , . . 

XIX.' Onrves of annual distribution of Chydorut aphaerious 

per square meter in Lake Winnebagu .... 

XX, Curres of annual distribution of Leptodora hyalina per 

square meter in Lake Winnebago 

XXI. Corves of annual distribution of total plankton in Lake 

Winnebago per square meter 

XXII, Carres of annual distribution of total plankton in Qreen 
lake per square meter 



oyGooi^lc 



THE PLANKTON OF LAKE WINNEBAGO 
ANP GREEN LAKE. 



CHAPTER I. 



OUTLINE OF STUDY. 

Tte attempt in this inveatigation has been to make a com- 
parative study of the plankton of two lakes of different types, 
with a collateral study of sudi other lakes as could be easily 
reached. 

It was thought that if, after a somewhat careful preliminaiy 
study, the plankton of the tvvo lakes could be kept under observa- 
tion for a considerable period of time, many facts in regard to 
the annual and geographical distribution of the animals and 
plants could be secured, and perhaps some generalizations could 
be reached in r^ard to the principles controlling such distribu- 
tion. 

LAKE WINKEBAOO AKD OKEEH LAKE. 

Lake Winnebago was chosen for the type of the shallow lake 
mainly because of its importance from the standpoint of the pro- 
duction of fiah. It is known to be an enormously prodactiTO 
body of water, and the fishing industry has employed a great 
many men in Oshkosh. Netting has been forbidden by legisla- 
tive enactment for several years, and, in spite of many infrao- 
tions of thelaw, it is generally acknowledged among all but inter- 
eeted parties, that the number of fish has greatly increased in 
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2 PLANKTON OF WINNEBAOO AND QREEN LAKES. 

that time. Hiere is now hardly a better lake in the state for 
fishing for sport for some kinds of fish. The perch are espe- 
cially large and handsome, and the black bass are numerous and 
gamy, although rarely exceeding three or four pounds in weight. 
Pike, too, are caught in lai^ numbers, and white bass are abun- 
dant in the spring. 

Lake Winnebago is some 28 miles long by 10 or 12 broad in 
ita greatest width. There has never been an accurate hydro- 
graphic survey of the lake, but it is probable that it is nowhere 
over about 25 feet in depth. It is evident to a superficial ob- 
server that the plant life during die summer is very large, and 
it has been assumed that the abundant production of fish is 
correlated with the plant growth. The principal inlet of the 
lake, the Fox river, enters it about midway of the western shor^ 
and leaves it as its outlet, at the northern end. Thus the lake 
may be considered simply aa an expansion of the river. 

Connected with the Fox and its principal tributary the Wolf, 
is a number of lakes and streams which receive the drainage of 
a large section of the northeastern part of Wisconsin, extend- 
ing from the southern boundaries of Marquette, Gi-eem Lake, 
and Fond du Lac counties to the southern parts of Forest and 
Oneida counties. 

Many of these lakes are merely expansions of the rivers, and 
although covering areas of considerable size, are for the moet 
part very shallow. Lake Buttee des Moiis, Lake Winneeonne, 
Lake Poygan, and Lake Puckaway are the most prominent of 
these lakes ; their shores are for the most part low and swampy, 
and their depth rarely exceeds 10 or 15 feet. There are a few 
deeper lakes in this drainage area: Stone lake is between T5 
and 80 feet in its greatest depth ; the Waupaca lakes, though 
small in area, are in some cases from 60 to 95 feet in depth, 
and Green lake, with a maximum depth of 237 feet, is tiie 
deepest lake in the state. 

The deep lakes, as would be expected, are more distinctly cut 
off from the other parts of the drainage area than the shallow 
lakes. In the ease of the shallow lakes, many open one into 
the other so that there is no distinct line of separation between 
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OUTLINE OF BTUDT. 3 

them. It would be expected that this separation of the deeper 
laies would have some effect on the character of their fauna 
and flora, besides the effect produced by the difference in envir- 
onment. 

The east shore of Lake Winnebago is, for the most part, high, 
and in some places rocky. At the south end the shore ia 
Bwampy, — in fact it is rather dilficult to distinguish between 
lake and shore. At this end the Fond du Lac river flows in, 
and there is a gradual eaicroadiment of the shore line upon the 
lake. The west shore of the lake is low, but not, to any con- 
siderable extent, swampy, and is gradually being dotted over 
with summer cottages. At the north end of the lake are exten- 
sive sand beaches. The material of the lake shoree is glacial 
drift, so that everywhere the shores are lined with boulders 
washed out of the drift by the waves. 

The bottom of the lake is generally composed of a fine mud 
filled with oi^ania matter. In many cases, however, a bottom 
of boulders extends quite a distance from shore. Off Stony 
Beach this rocky bottom extended perhaps a half a mile from 
shore, and then is succeeded by a mud bottom without any dis- 
tinct change in depth. In other cases the bottom near shore ia 
composed of sand or red clay. 

Before this work was undertaken, very little was definitely 
known of the plankton of Lake Winnebago. Only occasional 
collections had been mada It seemed necessary therefore, to 
make a continuous series of collections lasting over a consider^ 
able period in order to get a basis of comparison. It was neces- 
sary, too, that there should be an opportunity to examine the 
living collections, as many things are sure to be overlooked in 
preserved material. 

Accordingly a summer station was established at Stony 
Beach, a small summer r^ort about two miles south of Osh- 
kosh. Comfortable quarters were found in an old hotel build- 
ing, the dining room being fitted up as a laboratory. The 
lalxiratory equipment and a working library were brought from 
Eipon College. A row boat was provided for the regular daily 
work, and, through the kindness of Mr. Chas. Schreiber of Osh- 
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4 PLANKTON OF WISNEBAQO AND GBBBN LAKES. 

kosh, we had the use of a sail boat for longer trips. Through 
the courtesy of Mr. M. W. Peck and Mr. D. Jack of Fond du 
Lac, we were provided with transportation- in their gasoline 
yacht for an extended trip through Lakes Buttes des Morte, 
Wlnneconne, and Poygan. Acknowledgment should be ren- 
dered, too, for unnumbered services rendered by Mr. D. O. 
Fernandez of Oshkosh. 

The location proved to be particularly convenient, as Stony 
Beach ia reached by an electric line from Oshkosh and yet ia 
BO far removed from the city that under ordinary conditions it 
is not probable that Aia part of the lake is contaminated by the 
oity eew^age. 

Systematic work on Lake Winnebago was commenced the 
fifth of July, 1899. During July and August^ mih the excep- 
tion of a few days spent on other lakes, daily plankton collec- 
tions were made at at least two locations. For these daily col- 
lections a station was selected about a mile from the shore on the 
muddy bottom common to all the deeper parts of the lake, and 
■another nearer shore on the rocky bottom. This was with a 
two-fold object, first to have two stations some distance apart 
in order to get an average of plankton, and second to determine 
whether there was any decided difference in the plankton over 
the mud and over the rocky bottom, for the fishermen think 
that some fish have a decided preference for the stony bottom. 
Some days a considerable number of collections was made, the 
locations being widely distributed over the lake. During the 
summer the collections extended over a distance of some twelve 
or fourteen miles on the west shore of the lake; many were 
made in the central region of the lake, and some on the east 
shore. 

A number of collections, for comparison, were made on. other 
lakes synchronously with those on Lake Winnebago, my assist- 
ant remaining on that lake while I did the work at other loca- 
tions. After the month of August the collections were kept 
up at intervals of about two weeks, the collections being made 
ordinarily at the two regular summer stations off Stony Beach. 
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These collections were continued through a period of two yeara 
and El half. 

Collections at a similar interval of two weeks were also made 
on Green lake. Green lake was selected for comparative work, 
partly because of ita convenient location, but mainly because its 
conditions are so different from those of Lake Winnebago. 

Green lake is situated in Green Lake coimty, about 25 milee 
weat of the southern end of Lake Winnebago. It ia about 7% 
miles long, with a maximum width of 2 miles. Nearly tiha 
whole lake is over a hundred feet in depth, and the western part 
has a maximum depth of 23T feet The shore slopes are, for 
the most part, very abrupt, only a small part of the shore being 
swampy. The waters of Green lake are exceedingly clear, 
rarely being markedly discolored by v^etable growths, while in 
Tjuke Winnebago during most of the year the water is much dis- 
colored. On account of the small depth of Lake Winnebago, 
storms disturb its water to the very bottom over most of its area, 
while in the depths of Green lake there is a large body of water 
which is never appreciably affected even by the severest storms. 
Because of its depth Green lake has a distinct "thermocline" 
during the summer months, and the water at the bottom has an 
annual range of temperature of only about ten Agrees Fahren- 
heit Lake Winnebago, on the other hand, has, during the sum- 
mer, a nearly uniform temperature from top to bottom. 

Lake Winnebago, because of ita slight depth, and the fact 
that the whole body of water is so easily affected by storms, 
becomes warmed much earlier in the spring than does Green 
lake, and cools off with corresponding rapidity in the fall. The 
result is that Lake Winnebago is covered with a thick coat of 
ice long before Green lake is frozen over. 

Green lake is seldom covered with ice before the first of 
January, and parts of the lake sometimes remain open through 
the whole winter. As a result of the late freezing, the ice never 
reaches the thickness on Green lake that it does on Lake Win- 
nebago. Because of its great depth, and the consequent exist- 
ence of a thermocline in Green lake in summer, this body of 
water has a true "abyssal" fauna, oi^anisms which can exjst 
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only in the peculiar environment of uniform low temperature 
and little or no light Lake Winnebago, on the other hand, can- 
Bot be said to have an abyssal fauna, the animals of the bottom 
in the deeper parts of the late not differing appreciably from 
those of the littoral region. 

With such differences in physical conditions we should ex- 
pect corresponding differ^ices in fauna and flora. The writer 
has already suggested in a former publication (Marsh '97, 
181) that lakes may be divided into the two classes of "deep" 
and "shfillow," the dividing line between the two classes being 
at about forty meters. Later (Marsh, '99, 171) I was led to 
think that the limit should be placed at a lower figure, — per- 
haps thirty or thirty-five meters. It would be better, doubt- 
less, to make the main classification of lakes depend upon the 
exist^ice or non-existence of a thermoeline. In the shallow 
lakes there is no thermoeline. Taking the presence or absence 
of a thermoeline as the basis of classification, the depth limit 
between deep and shallow lakes would not be definite but would 
bear a constant relation to the area and character of the shore ; 
for the thermoeline is much more marked in small lakes with 
high shores. 

I^p lakes are susceptible of a two-fold classification into 
the large and the small. In the small deep lakes the abysssal 
water stagnates, and the conditions of life become so hard that 
an abyssal fauna ean hardly be said to exist. In the large deep 
lakes, on the other hand, the movement of the surface waters 
under the influence of the winds produces slow return currents 
along the bottom which serve to relieve the condition of stagna- 
tion, and permit the existence of a somewhat abundant abyssal 
fauna. Green lake and Lake Geneva have the characteristicB 
of lai^ deep lakes, while Klkhart and the Waupaca lakes are 
types of small deep lakes. 

On the whole this seems to me the most satisfactory classi- 
fication of lakes, and in this paper I shall use the terms "deep," 
"shallow," "large deep," and "small deep," as indicated above. 
While, as will be seen later, faunal and floral distinctions do 
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OUTLIlfE OF BTVBY. 7 

not follow absolutely this classification, yet they have a close 
relation to it. 

Green lake may be considered tlie typical deep lake of Wis- 
consin, and, as observations have been carried on upon its fauna 
and flora for a number of years, it was natural to select it for 
comparison witli Lake Winnebago. 

Collections were made on as large a number of lakes in other 
localities as time would pennit. Some of these lakes were se- 
lected because they had apparently different conditions from 
those prevailing on Lake Winnebago and Green lake, but 
ofiera were taken for the express reason that their conditions 
seemed to resemble very closely those of the lakes whidi were 
made the standards of work. 

Inasmuch, as will be shown later, experience haa shown that 
plankton collections are really significant only as averages can 
be obtained of a considerable number of collections, and that 
single collections may be very misleading, so far as possible an 
attempt was made to visit a certain number of lakes repeatedly, 
rather than to make a large number of single collections from 
different bodies of water. Unfortunately the time at command 
did not permit of as many of these trips as was desirable, so 
that in some cases single collections only could be made: as 
it was important that there should be as wide a basis of oom- 
parison as possible, it seemed better to make these single 
collections than no collections at all. The author clearly recog- 
mzes, however, that it would have been much better had it 
been possible to work a circuit of a considerable number of 
lakes continuously. If lakes could be classified into a series 
of a few types, of course, it would be necessary only to take one 
of each type. But, so far, no entirely satisfactory classifica- 
tion, from the standpoint of the fauna and flora, has been pro- 
posed, so that one can not be certain when he limits his work to 
a few lakes, that he may not miss some important prineiplea of 
distribution which are only exemplified in the bodies of water 
which he has not examined. 

Four somewhat extended trips, in four successive years, were 
made to lakes in the forest region of Wisconsin, including lakes i 
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in ^awano, Forest, Oneida, and Langlade countiee. The first 
of these trips was made in September, the last three in the mid- 
dle of August To some of these lakes visits were made at 
other times. Such collections, aa intimated before, while giv- 
ing a very imperfect idea of the faunal and floral conditions of 
these bodies of water, are jet very valuable as a matter of eom- 
pariscm. 

In diis work the objects kept in view have been the following: 

Ist, Lists of the fauna and flora. Inasmuch as the work 
has been, done entirely by one person, with the aid of an as- 
sistant for a part of the time, and my exact systematic knowl- 
edge is very largely confined to the entomostraca, it is not to 
bo expected that this list will be complete. It will, however, 
6€frve to show such important differences as may exist between 
Hie fauna and flora of Lake Winnebago, Green lake, and the 
other lakee. 

2nd. A quantitative study of the plankton which should 
give a clear idea of the annual variations, and of the quantita- 
tive difference between the plankton of Lake Winnebago and 
Green lake. 

3rd. A qualitative study of the plankton in order to deter- 
mine the variations in its components in the course of the year. 

4th. It was hoped that the studies of the above topics would 
furnish material for some exact additions to our knowledge of 
tJie distribution of the animals and plants of the plankton, and 
might help in the solution of the very complex problem of the 
relation of the plankton to the fish. 

METHODS OF MAKING COLLECTIONS. 

In settling upon the methods which should be used in mak- 
ing the collections, it was necessary to choose a method which 
would be practicable in a permanent station, and yet which 
should not involve so cumbersome apparatus that it could not 
readily be carried from place to place without making too much 
of a burden of weight. This latter consideration made the 
pump impracticable. Moreover, I am inclined to agree with 
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the conclusions reached hy Eeighard (Reighard '98) that it is 
very doubtful if the pump gives one a representative collection 
of a column of water. In deep waters, of course, the pump in- 
volves very unwieldy apparatus. In shallow waters, e&pecially 
for making collections at specific levels, the pump is a useful 
adjunct to plankton apparatus. In the opinion of the author 
no method has yet been devised that serves the purpose so well 
as a vertical net. It is very much to be desired that the net 
should have a wide opening, as is stated by Eeighard. Port- 
ability was so necessary in my case, however, that size had to be 
sacrificed. The undoubted fact that nets vary in their collect- 
ing ability because of the cloggiiig of the meshea, especially in 
ailt laden waters, was deemed in these researches as of minor 
importance, partly because the waters examined were for the 
moat part fairly clear, and partly because, as will he seen later, 
the author attaches very little importance to exact measure- 
ments of the plankton, but relies for results on averages. 

The net used was of the pattern of Hensen, the upper oone 
being of copper, with an opening 10.5 cm. in diameter. The 
net was of bolting silk, attached below to a removable bucket, 
of a form devised by Professor Eirge. The net was drawn 
from the bottoni to the surface, the net washed down from the 
outside, and the bucket, by the aid of a wash bottle filled with 
alcohol, emptied directly into the collecting bottle. I made it 
a rule to make three collections at each station, and in stating 
results the three collections were averaged. 

To determine the gross amount of plankton it was decided to 
use the centrifuge. The objections to the method of settling 
in graduated tubes have been well stated by other authors. 
(Ward '95, Kofoid '97.) The lack of exactness in plankton 
measurements does not warrant the labor of the gravimetric 
method. It was decided to use the centrifuge, as being the 
best method yet devised. For this purpose the ordinary uri- 
naiy centrifuge was used, with tubes graduated to tenths of a 
centimeter. After a little experience it was decided to run 
flie centrifuge in the following way: Ist, two revolutions of 
the crank ; 3nd, two revolutions in the reverse direction ; 8rd, a i 
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continuous run of ^^ min. ; 4tb, 14 niin. in the opposite direc- 
tion ; Sth, one minute straight ahead. The centrifuge was run 
at from 1200 to 1500 revolutions per minute, any greater 
rapidity being almost certain to break the tubes. It was found 
that the work was moat successful when the percentage of alco- 
hol in the collected material was rather high. This method 
has some inaccuracy, as well as the method by settling, for tie 
different kinds of material are not equally well thrown down. 
Some of the algae, in spite of long continued running of the 
centrifuge, will always lie in a more or less flocculent mass on 
top, and in some eases, even after being thrown down, will 
afterwards rise into the supernatant liquid. The supernatant 
fluid, even when apparently perfectly clear, always contains a 
little of this plant material. The amount is so small, however, 
that it has no evident effect on the measurements of the plank- 
ton. 

The examination of the plankton was by the method ex- 
plained in my former paper. (Marsh '97, p. 188.) At first 
all the counting was done by means of the dissecting lens, but 
later, for the smaller forms, a compound microscope was used, 
with a stage especially arranged to receive the counting plate. 
Only the Crustacea were counted exactly, with the exception of 
Ohiotrichia, of which a careful count was made. But notes 
were made of the occurrence of the other forms and a rude esti- 
mate of the numbers made and recorded under the terms "few," 
"many," "very many," and "nos." 
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CHAPTER II. 



ANNUAL DISTRIBUTION OF THE ORGANISMS OF 
THE PLANKTON. 

Asterionella gracilUTna Heib. 

Asterionella occurs in both lakes througb the entire year. 
In Lake Winnebago there seems to be a minimum in June, 
Julj-, and August, but no very pronounced maximiom period. 

In Green lake there is a similar paudty of numbers in the 
summer months and a strong maximum in February, March, 
and April. This winter maximum was first noticed in 1900 
when Asterionella, was found in such numbers as to make a 
layer of water two feet in thicknesa almost opaque, — the water 
having a milky appearance. This winter increase was con- 
firmed in the two succeeding winters, and it would seem to be a 
fair inference that its maximum in Green Lake occurs regu- 
larly in the winter. 

Cycloiella flocculosa (Roth) Kg. 

CyclotdUk is never found in any numbers in Green lake. I 
have found it only in November, January, February, and May, 

In Lake Winnebago, in the years under observation, Cyclo- 
teUa was at its maximum of development in the fall months, 
September, October, and November. In 1900 there was an in- 
crease in May, and in 1901 in the last of April. I think, then, 
that we may say that Cycloiella in Lake Winnebago has two 
maxima, the principal one in the fall with its greatest develop- 
ment about the first of November, and the other one l^s pro- 
nounced about tti> first of May, 
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Melosira. 

Melosira is found in very small numbers in Green lake^ and 
no inferences can be drawn as to ite annual distribution. 

In Lake Winnebago its appearance seems somewhat erratic, 
but there ia evidence of two maxima, one in May, and one in 



Synedra pulchella Kiitz, 

Synedra pulchella occurs in Lake Winnebago in all the 
months of the year. In 1900 there was evidence of a spring 
maximum in May and a fall maximum in October. In the 
other years there was no pronounced increase at any tiraa 

In Green lake it is practically absent in Jnly and August^ 
and only few are found in September, October, and Novem- 
ber. Large numbers are present in December, January, and 
February, and there is another increase in April and May, 



Synedra acus var. delicatissima Grun. 

This variety occurs in both Green lake and Lake Winnebago^ 
but in much greater abundanoe in GJreen lake. I have found 
it in Lake Winnebago in February, Karch, April, and June. 

In Green lake I have found it in nearly every month of the 
year, but it is in the winter that it especially flourishes, being 
very numerous from January to May- With Asterionella it 
forms one of the most important elements of the winter plank- ' 
ton of Green lake. 

FragUaria- 

1 have not found Fragilaria in Lake Winnebago in Jaly, 
August, September, or October, and only once have I found ib 
at any time very abundant, — that was in the middle of May, 
1900. 

In Green lake* it occurs at the same times, my only large col- 
lection being at the middle of May, 1901. 
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Stephanodiaevx. 

Siephanodiscus I have not found at all in Green la^ In 
Lake Winnebago it may occur imm February to July, ■with 
a maximum at some time in the spring. In 1900 there were 
two important periods of lai^ numbers, one the middle of 
May, and one the last of June. In 1901 the first increaae 
came the last of April and the second the first week in June. 
Other diatoms were noticed in the plankton, but none in suf- 
ficient numbers to be of any importance in the total amount. 

Navictda. 

Naviciila was found in Green lake a few times and occurred 
in' Lake Winnebago in many of the ooUeetione, especially in the 
winter months. 

8urirella and Plewosigma. 

Svrirella and Pleurosigma were found a few times in Lake 
Winnebago. 

Nassula. 
Nassvla, also, was noted in the flora of Lake Winnebago. 

COMPABISOir OF BESDLT8 ON ANNUAL DISTmBUTIOIT OF DIATOMS 
WITH WOEK OF OTHEH AUTHOBS. 

I find very few recorded facta in regard to the annual dis- 
tribution of the various genera of diatoms. 

Apetein (Apstein '96) finds the two masima of Melosira 
much as I do. His maxima for Aaterionella do not correspond 
to my results. 

Whipple (Whipple '94), in a discussion of the growth of 
diatoms in surface waters, cornea to the conclusion that the 
growth of diatoms is directly connected with the phenomena 
of stagnation, that in deep ponds there are two well defined 
periods of growth, — one in the spring and one in the fall: that 
in shallow ponds there is usually a spring growth but no regu- 
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lar fall growth, and that other growths may occur at irregular 
intervals as the wind happens to stir up the water; that the two 
moat important conditions for the growth of the diatoms are 
a sufficient supply of nitrates and a free circulation of air, and 
that both these conditions are found at those periods of the year 
when the water is in circulation. Whipple gives facts in re- 
gard to the annual distribution of diatoms in Massachusetts 
ponds which seem thoroughly to substantiate hia contention. 
I have already referred to this work in a former paper (Marsh 
'99), accepting these conclusions. In looking over the occurs 
renee of the diatoms in Green lake and Lake Winnebago I 
find nothing to contradict this theory in the occurrence of Cyclo- 
iella, Melosira, Synedra, Fraffiiaria, or Stephanodiscus. Tiie 
occurrence of Cyclotella in Lake Winnebago especially seems 
to confirm his statements. 

The occurrence of Astetionella in Green lake, however, dif- 
fers distinctly from his results in Massachusetts waters. His 
general conclusion in regard to Asterionella is that its two max- 
imum periods come after ihe spring and fall overturning when 
the spores, — if diatoms have spores, — are brought to the sur- 
face accompanied by the food materials that have been forming 
in the abyssal waters during the stagnation period. N'ow in 
Green lake the maxima, as found in three 'winter8> came in 
the depth of winter when the lake was covered with ei^terat 
inches or more of ice, and at a period midway between the two 
overtuminga of the water. It is evident that Whipple's ex- 
planation does not apply in this case- Why there should be 
this enormous production of Asterionella in mid-winter I do not 
at all understand. Voigt (Voigt '02) reports AsterioneUa as 
having a similar winter maximum in Trammer-See and Ede- 
berg-See. 

Closieriujn. 
Two or three species of Closterium occur in both lakes aa 
occasional members of the plankton. They cannot be considered 
as tnie limnetic species, but rather as migrants from the littoral 
£ora. 
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Pediastrwm. 
I have found Pediasirwm. in Lake Winnebago in every montli 
of the year except March and April. It is moat abundant in 
the Bummer and fall months but seems to have no pronounced 
maximum. 

Siaurastrum. 
Staurastrum ig found in Lake Winnebago from May to No- 
vember but never in any considerable numbers. 

Eudorina. 
Evdorina I have found in small numbers in June and July. 

Merismopedia. 
Merismopcdin was found in small numbers throu^ the sum- 
mer and fall of 18fl9 in I^ake Winnebago. In 1900 it was 
found only in the fall months, continuing to the middle of Feb- 
ruary. In 1901, too, it did not appear until fall except m a 
single collection in June. 

Claihrocystis aeruginosa Henfr. 
I have never found Claihrocysiis in the plankton of Greai 
Lake. In Lake Winnebago it occurs throu^out the sunnnier, 
appearing as early as June, and sometimes remaining as late 
as October. I have found it in great numbers in Lake Buttea 
des Morts in August, It appears in the same month in Peli- 
can lake and the Eagle River lakes. It does not appear to be a 
constituent of the plankton in the deeper lakes. 

Anahaena, 
Anabaena ia one of the most important constituents of the 
Bummer plankton. It occurs in Qreen lake, sometimes in 
noticeable amount, so that little ridges of it are thrown upon 
the shore by the waves. It is in the shallow lakes, however, 
that it flourishes in especial abundance. It appears in Lake 
Winnebago as early as May, and may be found as late as Octo- 
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ber. It reaohes its greatest abundance in July and Augoat. 
Tie numbers in September are ordinarily very small. Yet I 
have found it in Pelican lake in great numbers in the latter part 
of Sept«nber. 

Aphandzometwn, 
Aphardzomenon occurs in Lake Winnebago associated willi 
Anabaena, its period of growth being very similar although it 
does not appear so early nor remain so long. While I have not 
counted Anabaena and Aphamzomenon, and so cannot stats 
their maximum period ivith any exactness, I get the impression 
that Anabaena reaches its maximum earlier than Aphamtzom- 
enOTL It ia found in other shallow lakes associated with Ana- 
baena. 

Oscillaria. 
Oscillaria is not a constituent of the plankton in either Green 
lake or Lake Winnebago. In some of the shallow lakes, how- 
ever, it is very abundant at certain times in the summer. This 
is notably so in Shawano lake where it seems to assume the 
importance that Anabaena and Aphamzomenon do in Lake 
Winnebago. 

Lingbya. 
Linghya is associated with Anabaena and Aphamzomenon 
in Lake Winnebago, especially in July, sometimes in lai^ 
numbers, but is of less importance than the other two genera. 

I 

Qloiotriehia echinidata Bicht. 
Gloiotrichia has no importance in the plankton of Green 
lake. In Lake Winnebago it is found in great numbers in 
July and August. In the summer of 1899 (Plate I) there 
was a rapid increase from the first of July to the middle, fol- 
lowed by a decrease, from which there was again a rise to a 
maximum about the twelfth of August In 1900 there was a 
single maximum early in July. The total production of 
Qloiotriehia in 1899 was much greater than in 1900. 
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The collections of Oloiotrichia in the other lakes of the state 
were mad© on only a few dates so that a comparison of nimi- 
bers would be subject to revision after a more complete knowl- 
edge of those lakes. So far as appears, however, Ohioirichia 
occurs in vastly greater abundance in I^ake Winnebago than in 
the other bodies of water from which collections were made. 

The only exception to this was a very large collection of 
Gloioirichm made on Pelican lake August 13, 1902. Other 
collections made on Pelican lake in preceding years, however, 
did not indicate so large a production of this plant as iu Lake 



Sphaerella laeustris (Girod) Wittrock. 

This or^fenism I have found a fairly constant constituent of 
the plankton of Green lake. During the first year it occurred 
in the collections from September until the next June. Dur^ 
ing the second year it was found from early in August until the 
last of December, In the third year it appeared through the 
fall months, and after that the collections were discontinued. 
Its maximum of appearance seems to be from September to 
January. In Green lake it seems to be distinctly characteristio 
of the cold season. 

I have not found this form in Lake Winnebago, but it does 
occur in a number of the other lakes, generally in small num- 
bers, but in August, 1900, I found large numbers in Shawano 
and Pelican lakes. 

Although it is found in the plankton more in the colder sea- 
son, it does not follow that it lives in Green lake only at that 
time, for I have found it in enormous numbers in Dartford Bay 
in boats that were standing half full of water in the summer. 

Dinobryon. 

Dinobryon. occurs in both Green lake and Lake Winnebago. 

In Green lake the largest collections have been in May, June, 
and July, but it may occur in any month. 

In Lake Winnebago I have never found it in July and Au- 
gust, but it comes in with September, is found in small numben 
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18 PLANKTON OF WINNEBAOO AND URBEN LAKES. 

in the fall and winter, and reaches a maiximum of numbers in 
Miarch. 

In the ^European lakes, according to Apetein and Zacharias, 
this genus occurs from April or March to August, but it would 
appear from my collections that it may be found in our lakes 
at any time except that in Lake Winnebago it fails at the hottest 
time of the year. It would seem to be a fair presumption that 
the heat of mid-summer is unfavorable to its growth although 
it has been found in Green lake in great numbers in July. 

8ynwra uvella Ehrenberg. 

I have found Synura in Green lake only in two coUectiona 
made in May, 1901. 

In Lake Winnebago it sometimes forms an important ele- 
ment in the winter plankton. I have found it in the months 
frona November to April, with the largest numbers in January, 
February, and March. It seems to be very distinctly confined, 
in its development, to the months when the lake is covered with 
ice. 

TJroglaena. 
I have not found TJroglaerui as a constituent of the plankton 
of either Green lake or Lake Winnebago. I did find it, how- 
ever, in large numbers in the plankton of the Eagle Kiver lakes 
in August, 1901 and 1903, and it seems probable that in some 
shallow lakes it may be in the summer an important element 
in the plankton. 

Ceratium hirundinelh O. F. Miiller. 

Only once did I find Ceratium in Lake Winnebago in any 
considerable numbers, — in a collection made August 22, 1900. 
It cannot be said ever to form an important part of the plank- 
ton of this lake. It may be found at almost any time of the 
year but always in small numbers. 

In Green lake it is distinctly a summer form. It is almost 
entirely absent except in the months from July to October, in- 
clusive. In the summer of 1899 its maximum was reached 
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the last of July, in 1899 its greatest development was early 
in October, and in 1901 it reached a maximum about the mid- 
dle of September. The total production in 1901 was much 

greater than in the preceding years. 

Codonella. lactistris Entz. 
Codonella does not occur in Green lake. In Lake Winne- 
bago it is found most abundantly in the winter montJis, 
although it occurs at other times of the year. It ia never pres- 
ent in sufficient numbers to afEeet the total plankton. 

Epistylis galea Ehrenberg. 
Epistylis was found in small numbers in the plankton tf 
Lake Winnebago in the fall of 1900 and 1901. 

I found it also in the plankton of Birch lake in August, 1900. 

Anuraea cocklearis Gosse. 

Anuraea cochlearis ia found at all times of the year in both 

lakes. There is no uniform maximum period, Apetein states 

for Ploner See that the greatest numbers are found in July. 

Seligo finds for various lakes maxima in May, June, July, and 



The largest single collection in Green lake was made in- Au- 
gust, while the lai^est collection in Lake Winnebago was made 
in January. The occurrence of the species, however, was very 
erratic, and I can draw no conclusions as to its annual period- 
idty. 

Awuraea acvleata Ehrenberg. 
Anuraea. actdeata was found in Green lake only in two col- 
lections, — in July and December, 1901, and then in very small 
numbers. In Lake Winnebago it was pretty constantly in the 
plankton from October or November imtil the next May. The 
largest single collection was in January, 1900. Thus Anuraea 
acideaia would appear to be a distinctly winter form. This 
agrees with the statements of Seligo and Voigt, but Apstein 
has found it a summer form, 
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I have, however, found it in other lakes in the summer. It 
oocurred in August, 1901, in both Shawano and Stone lakes 
in small numbers. In August of both 1900 and 1901 it waa 
found in lai^ numbers in Birch lake. I have foimd it also in 
Cedar lake in March and June. It is evident thea that Amiraea 
acvieata may occur at any time of the jesi'r, and I see no reaaon 
why in Lake Winnebago it should be limited to the colder 
months, for the conditions of Shawano lake are veiy similar 
to those of Lake Winnebago. 

Amiraea quadridentata Ehrenberg, 
Anuraea quadridentata I have not found in Lake Winnebago. 
It appeared in Green lake in 1901 from February tiirough the 
monUi of Ain-il. 

Folyarthra platyptera. Ehrenberg, 
Polyarth'ra is a perennial form in Lake Winnebago, (gen- 
erally speaking the numbers are greater from July to October, 
but in one year there was a very large production in February 
and March. 

In Green lake it occurs from June through the month of 
October. I have never found it in the winter months. 

The European authors speak of Folyarthra as a perennial 
The occurrence in Green lake would seem to be somewhat pecu- 
liar, and I cannot see what circumstances in Green lake should 
be more unfavorable to it than in Lake Winnebaga 

Triarthra. longiseta Ehrenberg. 
Triarlhra is never found abundantly in either lake. In 
both it is found from Jime to November, and only occasionally 
in the winter months. 

Notholca longispina Kellicott, 

Noiholca longispina is much more numerous In Green lake 

than in Lake Winnebago. In both lakes it may occur at any 

time of the year, with no pronoimced maximum period. The 

largest single collection in Green lake was in February, 1900. 
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In general, the ooIleGtionfl of the fall and winter months were 
lai^r than those of the summer. 

The conditions of a deep lake seem to be more favorable to 
the production of Notholca longiapina than thoee of a shallow 
one. Seligo states that it was found in greater numbers in the 
deeper of the -Stuhmer lakes. 

Notholca foluicea Ehrenhei^. 
Notholca foliacea is not a common member of the plankton 
of these lakes. I have found it in Green lake only onoe, on 
May 4, 1901. In Lake "Winnebago I found it in eollectiona 
made in the middle of February and in the middle of March, 
1901. 

As'planchTUL sp. 
An undetermined species of Asplanchrta was found in Green 
lake in January and Mardi, 1900. In the same winter it waa 
found in Lake Winnebago as early as November and was a 
fairly constant member of the plankton until the middle of 
March. 

Synchaeia pectinata Ehrenberg. 

Syvxhaeta pectiTiata occurred in Green lake in the winters 
of 1900 and 1901. In the winter of 1900 it was found in the 
months of February, March, and April. In 1901 it was found 
from January to March. It waa found in a single collection 
also in October, 1900. In bolJi winters the largest aumbera 
were in the collections made on the twenty-third of February. 

In Lake Winnebago it is also a winter form with a somewhat 
more extended period of occurrence than in Green laka I 
have found it in the months from October to April, inclusive, 
and in a single collection in June, 1901. 

This occurrence of SyncJtaeta pectinata corresponds fairly 
well with the results obtained by European investigators. Ap- 
stein finds it a perennial form, with its maximum in the win- 
ter months. He states, however, that in his counting he has 
not distinguished the species of Synchaeta, and it would seem 
possible that •pectinata did not occur in the summer mo^|fl,.-,n|p 
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Seligo sajB that S. pectinata occurs through the whole year with 
a maximum in September. 

Voigt (Voigt '02) says that S. pectinata is generally absent 
in the summer months, but is found in the fall, winter, and 
spring, while other species occur in the summer, 

ConockUvs volvox Ehrenbei^. 

Conochilua was found in Lake Winnebago in the summers of 
1899 and 1901. In 1899 it reached its greatest numbers in the 
last week in July. In 1900 I found the largest numbers July 
9. In 1900 a few were found in October and November. I 
have not found it in any of the collections from Green lake, 
nor does it seem to be distijbuted very generally in other lakes. 
In September, 1899, I found it in Birch lake, in June, 1900, 
in Cedar lake, Washington county, in August, 1900, in Pelican 
and the Eagle River lakes, and in August, 1901, in consider- 
able numbers in one of the Clover Leaf lakes. While it is not 
at all uncommon in the summier months, its distribution seems 
to be somewhat erratic. 

Apstein finds a much longer period for GonocMlus, but states 
that it is irr^pjlar in its maximum period. 

Voigt (Voigt '02) states that the period for Conochilus vol- 
vox extends from August to November, but odier species of 
Conochilus may occur in the winter months. 

Diaptom-us minadvs lilljeborg and sicilis Forbes. 
D. oregonensis does not occur in Green lake but its place ia 
taken by D. minutus and D. sicilis. In a former paper 
(J^arsh '97) I discussed the annual distribution of these Diap- 
iomi, and the curves given in Plate H, while they modify the 
conclusions reached at that time, do not do so in any material 
way. As in ray former work, I did not in the counting dis- 
tinguish between the two species, but, in every case, careful ex- 
amination was made as to the presence of the two species. I 
have very little to add to the statement already made (Marsh 
*97, 193) in r^ard to the annual distribution of these two 
species. D. minvius occurs in the months from July to Dec«n- 
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ber, inclusive. D. aicilia is found from the last of September 
or fij^t of October until the first of July. D. sicUis is rarely 
present in the summer months as D. m-inutvs ia seldom found 
in the winter and spring months. In considering the curve, 
then, it must be remembered that the summer maxima are for 
rmnutti» while the winter maxima are for stcilts. In Noverai- 
ber and December and again the last of Jime the species are 
found together in the plankton. In the three years under ob- 
servation the greatest production of miimtus was not far from 
the first of August with a smaller fall maximum the last of 
September or first of October. This differs from the only com- 
plete curve in my former paper in that then the greatest maxi- 
raum was in September- 

D. sicilis reaches its greatest numbers in February and 
March. 

It may be remarked that this maximum of D. sicilis corre- 
sponds with the maximum period of development of Asterto- 
nella, but whether there is any causal relation between the two 
I am unable now to say. 

Diaptomus oregonensis Lilljeborg. 
Diaptomus oregonensis is the only form of the genus foiind 
in Lake Winnebago, and is the common form in the greater 
majority of Wisconsin lakes. The curves of auQual occurrence 
are shown in Plate III, It will be noticed that in the first 
summer there were three marked maxima, the last of July, 
the middle of September, and the first of November. There 
was then a rapid decline, a constant winter minimum during 
January, February, and nearly through the month of March, 
when there commenced a slow increase in numbers. In the 
second year the maxima were in the middle of August, the 
early part of November, and a heavy maximimi in tiie next 
June. In the third year the summer maximum occurred the 
first of September with a fall maximum, the early part of No- 
vember. In comparing the three years the imiformity of the 
N'ovemher maxima, is very remarkable. With the July maxi- 
mTim of 1900 there is nothing to correspond in the other yearn. 
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We can say, in general, that Diaptomus oregonensis occurs in 
its greatest abundance during the months from June to Novem- 
ber, inclusive, that it is found only in very small numbers frcaa 
the latter part of November until the last of March ; that it 
has a constant fall maximum and one or more mid-summer 
maxima which occur between the last of July and the first week 
in September. So far as I know tliere are no preceding obser- 
vations on the annual periodicity of D. oregonensis except 
those recorded by Birge (Birge '97). 

The curves of D. gracilis and D. graciloides aa recorded by 
Apstein, Steuer, and Seligo correspond in geaieral with these 
curves, but differ in details. Especially noticeable is the state- 
ment of Aj»tein that the maximum of D. graciloides in Lake 
Plon occurs in the winter. In comparing my results witi 
those of Bii^ while there is a general resemblance in the 
curves, there are certain marked differences. He states that 
in Lake Mendota the smallest catches of the year were made in 
the latter part of April, and he infers that the conditions of life 
are harder for them after the going out of the ica In Lake 
Winnebago there was a distinct increase during the month of 
April with a drop during the first half of May. I am unable to 
explain this increase, but it does not appear that the going out of 
the ice worked any hardship in the case of the Lake Winnebago 
Diaptomm. 

In Lake Mendota there seems to have been no increase oorre- 
epondiug to the November maximum of Lake Winnebago. It 
is possible that this fact has some bearing upon the question 
of the effect of temperature upon the species. Birge (Birge 
'97, 326) states that the reproduction of D. oregonensis is more 
promptly checked by a fall of temperature than is that of any 
other species. Of course there is no question of the truth of 
the general proposition that the reproduction of this Diaplomtts 
is dependent upon higher temperatures. The general charac- 
ter of the curves shows that at once. If, however, it were par- 
ticularly sensitive to a decline in temperature, should we not 
expect fall reproduction to stop soonest in the lake that cools 
off the most quickly? Lake Mendota has a maximum depth 
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of about eighty feet, while the maxinmm depth of Lake Win- 
nebago is only about twenty-five feet, and because of ita greater 
extent is doubtless much more affected by the winda. It seema 
to me that if the species were especially sensitive to tempera- 
ture we should expect the fall maximum in the deeper lake 
rather than in the shallower, aa seems to be the case. 

Epischura lacxtstris Forbes. 

Jllpischura is distinctly a summer form. As shown in the 
curves (Plates IV and V) it appears sometimes aa early aa 
May and may be found aa late as December or even January. 
In Green lake the larval forma appear in February and March. 
This is not indicated on the curves of the Epischura plate, as in 
the counting the Epischura larvae were not distinguished from 
those of the other copepoda, ITie period of maximum devel- 
opment occurs in July or August- It will be noticed that the 
spring increase occurs a little later in Green lake than in Lake 
Winnebago, and that the summer maximum of Green lake ia 
also a little later than that of Lake Winnebago. Epischura 
remains iu Green lake, too, later into the fall than it doea in 
Lake Winnebago. This is without doubt due to the fact that 
Green lake warms up so much more slowly, and cools ofE in the 
fall with oorreeponding slowness. 

The curves conform quite closely with the results given in 
my '97 paper, except that in the winter of '95 there was a large 
rise in March. This difference is accounted for lythe fact' 
that in the '95 collections a distinction was made between the 
Epischura larvae and the other copepod larvae. 

The annual occurrence of Epischura in Lake Winnebago re- 
sembles very closely the results given by Birge for lake Men- 
dota. 

The nearest European relative of Epischura, Heterocope, ia 
stated by Apstein to occur from July to November, with a max- 
imum in the summer, thus showing a resemblance in its period- 
icity to Epischura. 
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lAmnocalamts macrums Sars. 

Limnocalanus only occurs in deep lakea, so it is not found at 
all in Jjske Winnebago. In Green lake it is found at all timea 
of the year. In mj former paper (Karah '97) I stated that 
its maxima were in May and November. The curves from the 
present series of observations (Plate VI) seem to confirm the 
former results, although the spring maximum occurs as early 
as April in some years, in others as late as June, and in the 
summer of 1900 the greatest number during the year was in 
July, although there had been a marked rise in ApriL Dur- 
ing the winter months most of the individuals are larval forms. 

It will be noticed that the maxima of Limnocalanvs are not 
very widely different from the smaller numbers found at other 
times. This is douhtleas due to the habits of this species, 
which, as I have sho\vn before, prefers a low temperature of the 
water, and during the summer months is found to very little 
extent above the thermocline. In the winter it is found at all 
depths. While, for the sake of the lower temperature, it suc- 
ceeds in adapting itself to the stagnant conditions of the deeper 
waters of the summer, it does not flourish at that time as it does 
wh«i, the temperature being favorable, it can find a home at 
any depth. 

Cyclops brevispinosus Herrick. 

C. brevispinosus is found in both Green lake and Lake Win- 
nebago. The curves (Plates VII and VIII) show that it 
should be ranked as a summer form, although it may be found 
at all times of the year. In the three summers under observa- 
tion there was a marked increase the latter part of July or tiie 
first of August In 1902, however, the greatest number of the 
year was found about the middle of September. 

In Green lake apparently there may be expected a great in- 
crease in the latter part of June or in July. In December, 
1902, however, I took the largest collections of the whole pe- 
riod of two and a half years. These results correspond witt 
the results reported for Green lake in my former paper (Mar^ 
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BSrge reports for Lake Mendota that the lai^st collections 
were made in May. Tliis does not correspond to the reaults of 
«ther Green lake or Lake Winnebago, although in one year there 
was a conaiderable rise in Lake Winnebago in May. In gen- 
eral it may be stated that C. brevispinosus is a perennial form, 
flourishing especially in the months from May to October. 

Cyclops pulchellus Koch, 
Cyclops pulchellus does not occur in Green lake. 
In Lake Winnebago it is found from early October to the 
last of June. As the curves show (Plate IX) it has no very 
pronounced maximum, but it is evident that it is present in the 
greatest numbers in May or Jime. This species is then, in 
Lake Winnebago, distinctly a winter species. 

DisTEiBTiTioN OP C. brevlspinosus and C. pulchellus in Wis- 
consin Lakes. 

While I have found C. pulchellus in Lake Winnebago only 
in the months from October to June, inclusive, it is the com- 
mon limnetic form in some other lakes. This is notably so in 
the Great lakes. In certain of the Wisconsin lakes, so far as 
my observations have gone, C. pulchellus is always present as 
the limnetic fcoin as C. hrevispinosus is in Lake Winnebago 
and Green lake. 

I have gone over very carefully the list of lakes, from which 
I have had collections, to determine, if possible, what is the 
factor which makes one lake a hrevispinosus lake and another 
a pulchellus lake, but so far without entire success. 

The following lakes, so far as I know, always have C. pul- 
chellus: Lake Geneva, Elkhart, Chain o' Lakes, Cedar lake 
Washington county, Birch lake, Stone lake. Sand lake, Lake 
Miohigamme, and Long lake Fond dn Lao county. All 
other examined lakes have brevispinoms. All the lakes hav- 
ing p-idchellus, with the exception of Sand lake, are of the 
deeper lakes, and Sand lake has a masimimi depth of fif- 
teen meters, thus being one of the deeper lakes of this fjTK'nolp 
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On the other hand all of the lakes having hrevispmosvs, with 
the exception of Green lake, are of the shallow lake type. In- 
asmuch as pulchellus is found in the colder watera of the Great 
lakes, it would be a natural inference to suppoBe that its pres- 
ence in Lake Winnebago in winter had immediate relation to 
the winter temperature of the water, and that it might be found 
during the summer in other lakes where the water retains a low 
temperature through the year. It seems impossible, however, 
to establish any such rule. Generally speaking it is true that 
in the shallower lakes brevispinosus is the common limnetic 
form, while in the deeper lakes, which have a marked thermo- 
eline in the summer we find C. pulchellus, but the exceptions 
are so startling as to destroy most of the effect of the generaliza- 
tion. 

Cyclops Leuckwrti Sars. 

C. Leuckarti occurs in both Green lake and Lake Winnebago, 
but at somewhat different periods. 

In lake Winnebago it is perennial, but the numbers in win- 
ter are very small. It is found in considerable numbers from 
April to the last of October. It is apparent from the curves 
of frequency (Plate X) that its maximum period is in July 
and August, although in one year there was a great increase in 
May. 

In Green lake, on the other hand, it appears to have a fall 
maximum, although the total numbers observed were so small 
as to make one careful about drawing any exact inferences. 

The cause of the difference in the curves of the two lakes 
is diificult to state. If the maximum of Green lake occurred 
somewhat later than that in Lake Winnebago it might be 
thought that the differenea was due to the fact that the deeper 
body of water is heated more slowly, but in the curve of 1900 
the maximum in Green lake is late in the fall, so that this can 
not be considered the real reason. 
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Cyclops prasinois Fischer. 

C. prasinius occurs in Lake Winnebago only in very amall 
numbers, so that a curve of annual oeciirrence would mean very 
little. I have found it in every month of the year except in 
March, April, and May. The larg;est numbers I have found 
in September and October, 

In Green lake (Plate XI) it is a perennial form, but occurs 
in considerable numbers only from July to November, inclu- 
sive. In 1899 there were marked maxima the first of August 
and the first of October. In 1900 there was a similar increase 
in August, a few days later than the preceding year, and a fall 
maximum the first of Kovember. In 1901 there was only one 
maximum and that occurred just after the middle of Septem- 
ber. C. prasinius then seems to be distinctly dependent upon 
the summer temperature for its xJeriod of greatest development 

COPEPOD LARVAE. 

Under this head were counted, not only nauplii, hut all forms 
of immature copepods which were not sufficiently advanced in 
structure to be specifically determined. Inasmuch as it is im- 
possible to determine the species of these larvae, it is difficult 
to explain the maxima of the curves (Plates XII and XIII) 
as due to the increase of particular eopei>ods. It is only by 
comparing these curves with those of the various species that 
we can conjecture to what species a given maximum is due. In 
many cases these maxima are doubtless due to more than one 



A glance at the plates shows that the total numbers of larval 
forms in Green lake are considerably larger than in Lake Win- 
nebago as only once in the two years and a half under observa- 
tion did the number in Lake Winnebago much exceed that in 
Green lake. TTiis is no more than would be expected from 
the fact th.at the copepods play a much more important part in 
the plankton of deep water lakes than they do where the water 
is shallower. 

In Lake Winnebago larval forms are found at all times of 
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the year with two pronounced maxima, one in the spring and 
one in the Bummer or early fall. In the eummer of 1899 the 
Slimmer increase was distributed from July to December, with 
no great rise at any time. In the summer of 1901 there was a 
single maximum in the middle of July, while in 1902 this 
maximum did not come until the first of September. In the 
spring of 1900 there was, about the first of April, the lai^est 
number found at any time in the whole period under observa- 
tion. In the next year, 1902, the maximum came about the 
middle of June. 

It is extremely difficult to correlate tiiese curves with those 
of the mature copepods. The summer increase is doubtless 
largly composed of Diaptomus oregonensis and Cyclops brevis- 
pinosus, with some specimens of Cyclops Leuckarti and Epia- 
chura. A comparison of the summer curves of these apeciee 
shows a very close relation with Uie curves of larvae. The win- 
ter larvae are probably entirely of Cyclops ptdchellus. The 
spring maximum is composed of the three species, Cyclops 
Leuckarti, Cyclops pulckellus, and Diaptomv^ oregonensis. 

In Green lake the curves resemble in general those of Lake 
Winnebago, with the exception of the marked increases in the 
winter months. In the three summers under observation there 
was a single maximum coming in the successive years in July, 
August, and September, I know of no reason why there should 
have been this difference. In the summer the larvae probably 
belong to all the species of copepods except D. sicUis, Limno- 
calanus, and Epischura. The rises in the winter months are 
due largely to the two latter forms. I have found larval Epia- 
chura only in February and March. The increase in October 
and November is because of the coming in of Diaptomus stcUis. 

The rise in the curve in May and June is doubtlesa largely 
due to the increase in D. minuius, which later forms one of 
the chief elements in the plankton. 

Diapha-nosoma hrachyurum Liev. 

Diapharwsoma is distinctively dependrait for ita development 

upon the high temperature of the summer months. In Lake 
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Winnebago (Plate XIV) it appears as early a& tlie middle of 
Mfty and reaches its maximum, in July or August, then rapidly 
diminishes, to disappear entirely the last of October. 

In Green lake it does not appear ordinarily until into July, 
and reaches its maximum in August or September. Here, too, 
it disappears the last of October. These results compare very 
closely with those readied by Birge for Lake Mendota and 
those noted by the European authors, Apstein, I"ric and Vavra, 
Burkhardt, Steueir, and Seligo. 

It will be noted that flie season for DiapJumosoma in Qreen 
lake is later than in Lake Winnebago, as we would expect, be- 
cause of the more rapid -warming of the shallower body of 
water. The total number in Lake Winnebago, too, is greater, 
and the maximum much more sharply marked. 



DaphnM hyalina Leydig and D. retrocurva Forbes. 

Under this head I have placed all the common limnetic DapK- 
niaa, without attempting a closer specific distinction. In Green 
lake I think the form is retrocurva, while in Lake Winnebago 
both hyalina and retrocwrva are found. 

In Green lake Daj^nia may be found at all times in the year 
but between January and the last of May only in occasional 
specimens. Its principal time of life is between the first of June 
and the last of December. The results of tiie three aummers 
given in Plate XV, compared Vfiiii the curves of my former 
paper (Marsh '97), do not give sufficiently uniform results to in- 
dicate maxima occurring with any great r^;ularity. In the sum- 
mer of 1899 there were two distinct maxima, one the middle of 
July and one about the middle of October. In 1900 the two 
maxima were the last of August and the first of November, 
while in 1901 there were three maxima, all less pronounced 
than in the preceding years, one in July, one the latter part of 
August, and one the first of November. The curves would 
seem to indicate the common occurrence of two pronounced 
maxima, one in July or August, and one in October or Novem- 
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ber. The curves of my '97 paper indicate the same general 
principle. 

In Lake Winnebago (Plate 5VI) the maxima during the 
summer months bear a fairly close resemblance to those of 
Green lake, but there is, in addition, a pronounced maximum 
in May or early June. This spring maximum may be due to 
the increase of hyaltna, as Birge'a results would indicate the ex- 
istence of a spring maximum for this species. 

A comparison of the work of Birge on Lake Mendota and the 
published results of the European authors Zacharias, Apstein, 
Burckhardt, Seligo, and Steuer shows that the occurrence of 
limnetic Daphnia is very similar the world over, the winter 
months having the minimum of production, and the greatest 
nimibers appearing in the summer and fall. The absence of 
the spring maximum in Green lake is doubtless due to the slow 
warming of the deep body of water. 

Daphnia pulex var, pulicaria Forbes. 

This species I have not found at all in Green lake. 

In Lake Winnebago it appeared May 11, 1900, and was 
found in large numbers ia June and then entirely disappeared. 
In 1901 I found it in a single collection,— that of June 8. 
When it occurred it was in the bottom waters, and was very 
noticeable because of its size. It is possible that scattering in- 
dividuals at other times were counted as hyalina, but if it oc- 
curred at all it must have been in very small numbers, Bii^ 
(Birge '97) has discussed in detail the occurrence of Hiis 
species in Lake Mendota, stating that it occurs there in nmn- 
bers only in the odd numbered years. This does not seem to 
be true in Lake Winnebago. He also states that it is confined 
to the region of the thermocline, being limited above by the 
high temperature of the water and below by the impurity of 
the bottom waters. If this were true it would explain the dis- 
appearance of tliis speciee in Lake Winnebago in summer, be- 
cause this lake has no thermoeline, and the whole body of water 
is heated to a high degree. It would seem that the conditions 
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in Green lake would be peculiarly favorable for Daphnta pidir 
earia, but I have never found it, although my oollectione have 
now covered a considerable number of yeara. 

In the other lakes examined in this inveetigation I found 
Daphnia pidicaria only in Shamrock and Pansy of the Clover 
Leaf lakes and in Pelican lake in two years. In the Clover 
Leaf lakes it occurred below the thermodine. Its occorrence 
in Pelican lake was somewhat unexpected, as this lake has no 
thermocline, and the species was found in August, after the 
lake waa thoroughly wanned up, 

In former collecting trips I have found Daphnia pulicaria in 
Hie deep waters of Lake Beulah in July and August, and Pro- 
fessor Birge (Birge '97) has already noted that it is oonmion 
in the deep waters of the Oconomowoc lakes, ■which probably 
Bhould be classed with the small deep lakes. 

Bosmirub. 

In Lake Winnebago I have not found Bosmitui at all in the 
months of July and August, In 1899 it did not appear until 
the first of December, and very few were found in the winter 
months. There was a very large increase about the firat of 
June. Then it abruptly disappeared and reappeared the last 
of September. There was a fall maximum the first of Novem- 
ber, and then a rapid decline. During the winter months there 
were very few, and no marked increase until the first of June^ 
1901, when there was an increase corresponding to that of the 
preceding year. It then disappeared and was found again the 
first of October, when it commenced to increase with great 
rapidity. 

In Green lake, as shown by the curves (Plate XVII) Boi- 
mina occurs at all times of the year. COTnparing these ourvee 
■with the curves in my former paper (Marsh '97) it would ap- 
pear that we may Ktpeet Bosmina to have a fall maximum 
in November or December. After this maximum there is 
a sharp decline and the number then grows gradually smaller 
until Jane or July, when generally there is a slo'w increase 
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followed by a rapid rise in tiie fall, which may come as early 
as September, but more oommonly occurs in October or Novem- 
ber. In 1900, by far the largest number of the year ocourred 
in July. !N'othing like this appeared in the other years, al- 
though there was an increase in July, 1899. 

I think it can be said safely that Bosmina has two annual 
maxima, one in the late spring or early summer, and one late 
in the fall. In comparing the tivo lakes under oonaideration 
we find that the spring maximum occurs earlier in Lake Win- 
nebago than in Green lake, probably due to the fact of the more 
rapid warming of the water in the shallow Lake Winnebago. 
In some years the spring maximum fails to appear in Gre«i 
lake. The fall maximum seems, on the whole, to appear in 
Green lake somewhat later than in Lake Winnebago. If this 
maximum is dependent on some conditions following the fall 
cooling of the water, this later appearance in Green lake ia 
easily explained. But so little is known of the life history of 
Bosjmna that one would hardly feel safe in hazarding an ex- 
planation. 

In comparing my results of the annual distribution of Bos- 
mina, there seems to be a good deal of discrepancy, but prob- 
ably the differences can be explained either by differences in 
local conditions or by the fact that moat of the statements have 
been based on observations carried on for only a comparatively 
short time. No other observations, so far as I know, have been 
published in America, and the statements of European authors 
would indicate tliat in some cases there were two distinct max- 
ima, but not in others. 

Eurycercus lamellatus O. F. Miiller. 

Evrycercus lamellatus doee not occur in the limnetic plank- 
ton of Green lake, but in Lake Winnebago (Plate XVIII) it 
was an important element of the summer plankton in 1899 and 
1900. Curiously enou^ I found it in only one collection in 
1901, — that of June 8, In the summer of 1899 it was found 
in great numbere about the middle of July, but had almost dis- 
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appeared by the first of August. There was a rapid increase 
the last o£ August, another decrease and a rise again atout 
September 20. It then decreased until the middle of Octo- 
ber, and had entirely disappeared in December. In July and 
August it was perhaps the moat noticeable element of the plank- 
ton, its greater specific gravity causing it to settle first in the 
centrifuging process. In 1900 it appeared as early as March, 
but did not oommenco to increase until well into June, and 
reaohod a single maximum about the first of August^ llien, de- 
creased rapidly and disappeared about the first of October. 
In 1901 it is evident that some untoward circumstances must 
have prevented its development. 

In the collections made early in July, 1899, Eurycercus was 
much more abundant over the mud bottom well out in the lake 
than it was over the stony bottom nearer shore. Late in July 
the conditions were reversed, that is, Eurycercus was more nu- 
merous over the stony bottom nearer shore. An attempt waa 
made to correlate this fact with the movements of fish, but not 
with entire success. It was found that while Evrycercus was 
prevalent, it was an important article of food for the sheeps- 
heads, and apparently there was some niovemait of the sheeps- 
heads corresponding to the change in position of the greatest 
numbers of Eurycercus, but the observations were not au£Br 
ciently nunierous so that any final statement could be made. 

Chydorus aphaertcus O. F. Miiller. 

Chydorus oocura only occasionally in Green lake. In tie 
SHmmer of 1899 none were found. Considerable numbers were 
found in October of 1900, and it continued in small numbera 
in the collections until January, but was found in none of the 
later collections. 

In Lake Winnebago (Plate SIX) it appears to be a perennial 
form. In the summer of 1899 it had a sharp maximum early 
in; August. It then declined rapidly and only few were found 
until July of 1900, when there waa a sudden and great increase. 
A still greater increase occurred about the first of November. 
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I have made no systematic oollectiona from other lakes, but I 
have found Chydorus in great numbers in Stone, Sand, and 
Pelican lakes in September. 

I think we may say this, — that Chydanis is a perennial form, 
reaching its greatest numbers in the montha from July to N'o- 
vomber, with its maximum probably in October or Norember, 
but with sometimes a very marked increase also in July. 

Leptodora hyalina Lilljeborg. 

Plate XX shows the annual distribution of Leptodora in 
Lake Winnebago. It was entirely absent from both lakes from 
November until May. In Lake Winnebago it occurs as early 
as the beginning of May, but in Green lake it does not appear 
until into July. It disappears in Green lake, too, early in 
September. In both lakes its principal occurrence is in the 
months of July, August, and September. The occurrence in 
Lake Winnebago corresponds very closely with Eirge's state- 
ment in regard to Lake Mendota, although he has found them 
there as late as December. 

The observations of Burckhardt, Steuer, and Seligo in Eu- 
rope in regard to this species show that the occurrence there is 
rery nearly the same as in this country. 

CyprU. 

An undetermined species of ostracod was found in both 
Green lake and Lake Winnebago collections. In Green lake it 
was found in September and October of two years and in Feb- 
ruary and March of one year. In Lake Winnebago its range 
seems to have been from the first of April to the last of Septem- 
bcrr. It was very much more abundant in the summer of 1895 
than in that of 1900. It was not at any time present in suf- 
ficient numbers to play any noticeable part in the total amount 
of plankt^m. 

The Bloom. 

The phenomenon of the "bloom" or the "working of the 
lakes," or the "breaking of the meree" as it ie called in Great 
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Britain, should receive a little attention although it haa beoi 
thoroughly diacuased, in its general aspecte, by other authors. 
This phenomenon is especially marked in Lake Winnebago in 
Bome summers. It is due, of course, to the enormous growth 
of the plants of the plankton, that growth heing particularly 
fostered by the hot weather of midsummer. The plants espe- 
cially eonoemed in forming the bloom are Chihrocystis, Ana- 
baena, Aphanizomenon, Oscillaria, Li^hya, and Gloiotriehia. 
The times of occurrence of these plants have already been no- 
ticed in the discussion of the individual constituents of the 
plankton. At the middle of August, in some summers, on a 
still day, the surface of Lake Winnebago is apparentlj a solid, 
opaque green. Some of this material decomposes, and as the 
currents slowly move along the surface material, it shows a 
wavy streaked appearance like the surface of polished mala- 
chite. Its intrinsic beauty, however, doee not attract the avei^ 
age person, for he looks upon it as "scum," and he thinks of it 
, simply as an evidence of filth. This material is thrown upon 
the shores by the waves until the rocks alongshore are completely 
covered with it, and it may in its decay become very offensive. 
Following the maximum period of the "bloom" Cladopkora ap- 
pears and covers the littoral rocks with a thick mat of green. 
This great growth of "bloom" naturally attracts the attention of 
the non-scientific observer, and many absurd explanations of its 
presence are given. The moat commDn one in Oshkosh is that it 
is a mass of seeds coming from the marshy shores of the Fox 
and Wolf above Oshkosh. Doubtless the Anahaena and Gloio- 
irickia have given rise to tiie supposition that the bloom is a 
miass of seeds. The decomposition of Qloiotrichia produces a 
blood red coloring matter which is sometimes very noticeable on 
the shores of Lake Winnebago, and has led people to question 
as to whether the lake is not affected by one of the plague of 

Egypt. 

When the water is still the plants of the bloom are in greatest 
abundance, close to the surface, and are distributed very uni- 
formly over the lake. Frequently, in the latter part of July 
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and in August, there may be seen floating about yellowish green 
masses of a more or less spherical outline, perhaps as much as 
three inches or more in diameter. These masses, which are com- 
posed of aggregations of Aphamzomenon mingled with' scattered 
fronds of Gloiotrichia and Anahaena, have very little coherence 
and elude the collector by falling in pieces almost at a toudL 
As is evident from the discussion of the occurrence of the algal 
constituents of the plankton, the bloom is not a prominent feat- 
ure of the deep lakes, — in fact in some years the growth of these 
algae is hardly noticed by the ordinary observer, — and of the 
shallow lakes few seem to produce so laige an amount as ia seea 
in Lake Winnebago. Of tbe lakes under observation, Shawano 
and Pelican were the only ones that could be compared at all 
with Lake Winnebago, 

ANNUAL DISTRIBCTION OF THE TOTAL PLANKTON. 

Plates XXI and XXII diows the annual distribution of the 
total plankton in Green lake and Lake Winnebago during the 
two years under observation. 

An examination of the curves, while it shows marked similar^ 
ity in the production of the years studied, shows also almost as 
marked differences. In general it may be said that the sum- 
mer months are the time of greatest productiveness, although 
Green lake shows an exception to this. We notice also Aat the 
successive years not only differ somewhat in the time of maxi- 
mum production, but that there is a marked difference in the 
total amount of plankton. 

In Lake Winnebago in the first year there were four periods 
of large production, — the last of July, the middle of September, 
and the early part of June. In the second year there was a 
single majrimum which occurred early in September, with not 
evon slight increases at other times. In the third summer there 
was a pronoimced maximum in the last of July, with slight in- 
oreaaes in September and October. 

In Glxeen: lake there are similar diSerenoes. 
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In the first summer the greateBt amount of plankton was about 
the first of August and the middle of October. In the following 
February and March, however, the total of plankton was much 
larger than even, in the summer months, while the greatest rec- 
ord of the year was reached about the middle of Juna From 
this point there was a decrease followed by lesser maxima the 
first of August and the first of September. There was then a 
steady decrease to a minimum in the middle of January. From 
this point there waa an increase to a March maximum corre- 
sponding to that of the preceding year, but the total of thia 
March maximum was much smaller than that of the March of 
the preceding year. It then fell to a May minimiun, which was 
almost as smaU. as that of the winter. This was followed by a 
slow increase to a single summer maximum iu the latter part of 
July, from which there was a slow fall through the remainder 
of the summer and autumn months, 

CONSTITUENTS WHICH PEODUCB PLANKTON MAXIMA. 

It is a matter of great interest to determine what organisme 
are responsible for the maxima, and what are lacking at the 
minimum periods. Steuer has stated that the result of his work 
indicates that the general plankton curve follows closely the 
rotatoria curve. This is hardly true of eitber of the lakes un- 
der consideration. But what organisms are responsible for 
these maxima ? A comparison of the general plankton curves 
with those of the individual animals and plants shows no close 
relation between the total plankton and the specie. There is 
this general relation that most forms are produced in greatest 
numbers in tlie months from May and June until October; this 
is especially true of the plants. But no one organism seams to 
have a controlling influence on the total amount of plankton, ex- 
cept in one or two particular cases. This is shown by a careful 
analysis of the plankton constituents at the various maximum 
periods. 

In the summer of 1899, in Late Winnebago, there were two 
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maxima. These correspond to the maxima of Etirycercus lamel' 
hUua. Eurycercus is a very bulky form, aad when it is preeant 
in considerable numbers is a large element in tbe total plankton. 
A careful analysis of the summer collections shows, however, 
that while Eurycercus was an important factor in these maxima, 
it was by no means alone responsible for them. They were 
rather caused by a general increase in a number of forms of 
Crustacea, accompanied by a lar^ development of tlie plants. 

In the maximum of June, 1900, Daphnia pulicarta, another 
bulky form, also reached its maximum development for the year. 
But at this time, too, other forms are as important in making 
up the total There was a general increase of most of the Crus- 
tacea, — among others Diaptomv3 oregonensis being very promi- 
nent. Many of the plants, too, were present in considerable 
numbers, especially Astenonella. . 

In the summer of 1900 the maximum early in September waa 
coincident with a maximimi of Daphnda hyalina. But 
this was not in itself sufficient to produce the maximum. The 
real determining cause was the enormous number of Anabaena, 
Claihrocystis, and an unnamed alga. The winter maximmn waa 
characterized by an almost total lack of Crustacea and algae, 
while rotatoria, diatomaceae, and protozoa in small numbers 
formed the bulk of the plankton. 

In the summer of 1901 there was one pronounced maximum 
the last of July. At this time there was a large number of Crus- 
tacea, but the size of the collections was mainly caused by the 
enormous numbers of Anabaena, Linghya, and Aphanizomenon. 

In Green lake the maximum of Aug. 1, 1S99, was due to the 
large number of several of the entomostraca, especially of Diap- 
tomus mirmitus and Daphnia. The increase of the first of Octo- 
ber was due mostly to the Crustacea, Diapiomus minutus and 
Cyclops prasimts being important elements, while the increase 
in Bosmina is another factor. The rise the last of November 
is due mainly to the very large number of Bosmijut, combined 
with large numbers of Asterionella and Sphaerella. 

The striking feature of the Green lake curve fear &b year 
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1899-1900, however, is die great increase in the total plankton 
in February and March when the lake was covered with nearly 
two feet of ice. The entomostraca figuring in this nLax i ma un 
were Diaptomus sicUia and Bosmina. With these were asso- 
ciated many rotatoria. But it was to Asierionella that the 
great increase was mainly due. This organism was present in 
countless numbers. In the maximum in iTune Diaptomus sicUis 
and coj)ej>od larvae were prominent, but here again Astei^nella 
was perhaps the most important. 

The maximum of the first of August, 1900, was due to several 
entomostraca, as in the case of the preceding year. Daphma 
was less abundant than in 1899 but formed perhaps the most 
important factor in the larger maximum of SepL 1. In March 
again occurs a winter maximum, aa in 1900, but the total is 
much less. This was caused, as the year before, mainly by the 
enormous increase in Asterionclla^ associated with great num,- 
bers of Synedra pulchella and Synedra. acua var. delicatissima. 

In the simimer of 1901 there was a single maximum in the 
latter part of July in which, as in lie former years, Diaptomus 
tnintdus played a very prominent part j at this time, too, Cera- 
tium and Dinohryon were very numerous. 

In the winter of 1902 there was again an increase as in. the 
two preceding years caused in part by the numbers of Diapto- 
tniis sicilis, but more by the enormous numbers of Asterionella 
and Synedra pulchella. 



COMPAEISON OF AMOUNT OF PLANKTON IN DITFEHENT YXABS. 

It will be seen, by t. glance at the curves, (hat the total amount 
of plankton varies quite widely in. the years under considera- 
tion, and the question arises whether there may he plankton 
poor years and plankton rich years. Three summers would 
hardly give material to decide such a question, but it may he 
noticed that the summer production in 1901 was distinctly less 
in both lakes than in the preceding years. It is interesting to 
notice in this connection, the plankton collections made "^ b. 
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eeriea of northern lakes about the middle of Aiignet in 1900 
and 1901. In all the lakes the collections of 1901 were mucli 
smaller than in 1900. It would seem probable then that the 
sumnier of 1901 was a plankton poor summer. I do not know 
what reason can be assigned for this fact. It 13 a somewhat 
significant fact, however, that the curve of mean temperature 
for 1901 differs distinctly from the mean in that it rises sharply 
to a maximum in the middle of July and then declines rapidly, 
instead of continuing at practically the same height through 
most of August as is commonly the case. It is possible that the 
short duration of the extreme hot weather of summer may have 
had some effect in reducing the amoimt of plankton. 



OOMPAEJSON OF PLANKTON IN GREEN" LAKE AND LAKE 
WINNEBAGO, 

In comparing the curves of the two lakes, perhaps the most 
noticeable difference is the enormously greater summer produc- 
tion in Lake Winnebago, This is due to the very much greater 
production of plants in the shallower lake. Green lake variea 
from the mean much less during tb© year than does Lake Win- 
nebago. The winter production in Green lake is absolutely 
considerably greater than in Lake Winnebago- This, as has 
been pointed out before is due both to the greater number of 
entomostraca, and to the enormous production of Asterionella 
in Green lake, accompanied fiomietimes by a corresponding in- 
crease in the species of Synedra. I can only conjecture a& to 
the cause of the greater winter production in Green lake, but I 
think it is possibly connected with the fact that it is very late 
before it ia frozen over. Lake Winnebago, because of its slight 
depth, is cooled off early in the fall and is covered with ice while 
Green lake is still open and exposed to aeration. The actual 
amount of water in Lake Winnebago is small as compared with 
its superficial dimensions, and its supply of oxygen must be 
much smaller than that of a body of deep water like Green 
lake: thus it seeme to me that the ooiiiditionB for animal life 
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must be much lees favorable in Lake Winnebago in winter l^aa 
in Green lake. I have very little to offer in the way of proof 
of this suggestion ; it is significant, however, that the only other 
lake fromi whicb I bave winter coUectiona, — Oedar lake, Wash- 
ington Co., — bas an amount of plankton intermediate fetween 
Green lake and Lake Winnebago. Because of ita smaller size 
Cedar lake must be earlier than Green lake in freezing over, 
and bcause of its greater depth, — nearly 100 feet, — the amount 
of water as compared with its area is much larger than in Lake 
Winnebago, and we might expect a lai^r production of plank- 
ton than in that lake. 



COMPABISON WITH THE PLAMKTON OF OTHEB UJKES. 

The other lakes connected with the Fox river, namely Lake 
Pbygan, Lake Wineconne, and Lake Buttes d^ Morts, resemble 
Lake Winnebago very closely in the plankton, but the amount 
is not so great Of the other lakea, Pelican and Shawano were 
particularly rich in plankton, Shawano, at the time of one set 
of .collections, had more plankton than Lake Winnebago. Peli- 
can, in three of the four years in which examinations were made^ 
was considerably richer than Lake Winnebago. Both Shawano 
and Pelican are shallow lakea and comparable with Lake Win- 
nebago in their genejal characteristics- Sand lake in 1899 had 
about the same amount of plankton as Pelican, but much lees 
in the three succeeding years. Stone, Birch, Cedar, and the 
Waupaca lates may, in a general way, be classed tt^ether, all 
having considerably less plankton lian the shallower lakes. 

The Eagle River lakes are connected by wide thoroughfaree 
BO that they rwemble each other very closely, but the larger ones 
seem to have the greater amount of plankton. The same thing 
is true of the Waupaca chain of lakes. 

In tiie case of the large collections which were made in all 
these lakes, it was the plante also that formed the prominent 
part of the plankton. 

In Table III have been listed the volumes of plankton as ob- 
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taioed in the various lakes of Ae state. In addition to what 
has just been said in comparing the results with those in Green 
lake and Lake Winnebago, something should be said of the lakes 
as compared with each other. The collections on the northern 
lakes were made in the course of four rapid trips in lour suo- 
«e68ive years. The collections of 1899 were made in the latter 
part of September, and those of the succeeding years about the 
middle of August The collections were practically synchro- 
nous in each year, and a oompariaon of the figures is interesting, 
although, aa I have said in another part of this paper, one must 
be careful about drawing inferences from a small number of 
collections, and it is only averages upon which one can place 
much reliance. 

In the following table, in which I have listed the lakes of 
this circuit for the sake of comparison, I have placed first Birch 
and Stone lakes which belong distinctly to the class of small 
deep lakes, next Sand lake, which is intermediate between the 
two classM, then the Clover Leaf lakes, which, although shal- 
low, yet because of their small size, have a marked thermocline; - 
the rest of the list belong distinctly to the shallow lake type. As 
the Eagle River lakes do not differ materially in the amount of 
their plankton, I have listed only one, the largest, — Eagle lake. 
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When one examinee this table, the degree of tmiformity in 
successiye years is somwhat surprising, for we must expect an- 
nual rariatious in the maxima of the total plankton. I have 
already called attention to the fact that all the collections of 
1900 were larger than those of 1902. This was especially 
ntarked in the case of Birch, Stone, and Sand lakes, and waa 
lai^ely due in each case to the greater nimiher of Crustacea, es- 
pecially of the Diaplomi; in Sand lake there was also a larger 
numher of the algae in 1900, but it was in the Crustacea that 
there was the greatest difference. 

The lat^e collection in Shamrock in 1902 was due in the 
main to the comparatively large numher of Daphnia pulicariaj 
tiie jgreat size of this form makes it^ when present, an impor- 
tant factor in the total plankton. 

In the distinctively shallow lakes, Eagle^ Pelican, and 
Shawano, the uniformity in the successive years was very 
marked, the differences being hardly greater than might be ex- 
pected from hauls made on successive days in the same year. It 
will be noticed that the uniformity in the case of the shallow 
lakes is much greater than in the deep lakes. 

In comparing the lakes with each other at each period of col- 
lection we find that Pelican has the greatest amount of plank- 
ton in the last three years, hut was outranked by Sand lake in 
1899. This large amount of plankton in Sand lake in 1899 
was due to the abundance of "bloom," in which the meet 
prominent plant was Anabaena. I think this is an exceptional 
record for Anabaena for, as I have stated before, the plants of 
the bloom flourish especially in warm weather, and we should 
not expect them late in September, The time of the collection, 
too, had been preceded by cold weather, and on the day of the 
collection ice had formed by the roadside in the morning. 

Eagle lake was a constant second to Pelican in the years un- 
der examination. In regard to the other lakes there seems to 
be no fixed order of precedence. 

In comparing the years 1900 and 1901 it is interesting that 
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the relative difference is mueli greater in the case of the deep 
lakes than is true of the shallow lakes. 

I have already remarked, in comparing tJie plankton of Green 
late witli that of Lake Winnebago, that Green lake has 1iie 
greater amount of plankton in the winter, and T-nke Winnebago 
the greater amount in the summer. I think we may say that 
this general comparison holds in regard to all deep and shallow 
lakes. The deep lakes because of Uie later date of freezing, 
the larger amount of water, and hence the larger amount of 
available oxygen, will have a greater amount of winter plank- 
ton, while the shallower lakes will in summer have the greater 
amount of plankton because of the favorable conditions for 
plant growth produced by the higher temperature of the water 
and the relatively large area of the bottom that is reached by 
the sunlight. 
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CHAPTER III. 



DISCUSSION OF RESULTS- 



VALUE OF PLANKTON COLLECTIONS. 



It 13 a little difficult to state juat what value should be placed 
on the meaaurement of plankton collections in limnolc^. 

It is, of course, evident that such eoIleeti(me give material 
for tiie qualitative determination of the fauna and flora, 30 that 
lakes can be compared with each other witb reference to the 
distribution of forms, Care must be taken in this, however, 
unless the lakes are under examination for a long period of timey 
for, while in general the annual appearance of any form will ba 
at about the same time in all lakes, nevertheless this appear- 
ance is subject to considerable variation, partly from differences 
in local conditions, and partly from differences in other condi- 
tions of environment; I think there is no doubt that the algae of 
the "bloom" may differ in their maximum periods not only days, 
but perhaps weeks, when the lakes appear to have similar condi- 
tions. Thus it may happen that a form may be abundant 
in one lake, and absent or present in small numbers in another 
at any given time, but later or earlier it may be abundant in the 
second lake. The absence of a form at a particular time is not 
always proof that the form is never present. For example, 
Diapiom'us sicUis might easily be overlooked in the fauna of 
Green late if we were to depend entirely on suniimer coUws- 
tions, or Cyclops pvlchellus in Lake Winnebago if no winter eol- 
lectons were made. As has been indicated already, also, 

i:n,i ■■ b.CoOt^lc 



48 PLANKTON OF WINT^EBAOO AND ^BBSN LAKES. 

forma may be very abundant in one year and either entirely 
lacking or present in amall numbers in another. 

So even for qualitative determinations, it is neceesary, if one 
would bo strictly accurate, to make collections not only at all 
seasons of the year, but for a series of years. 

When one makes plankton measurements, and compares one 
lake with another from such recorda, the results are valuable, 
but it must be recognized that they are subject to certain sources 
of error. It.has been already indicated that the horizontal dis- 
tribution of the plankton is remarkably uniform. Yet this uni- 
formity is subject to wide variations, so that inferences from 
single plankton collections might be very erroneous. Safety in 
drawing conclusions lies only in averages, and the larger the 
number of collections from which those averages can be drawn 
the safer are the conclusions. 

It follows, I think, that refinements in plankton measurement 
are unprofitable. It must be acknowledged that the measure- 
ment by settling is inaccurate, and that the use of the centri- 
fuge, while more accurate, nevertheless still leavee a large 
margin of error. Of course measurement by weighing la exact, 
but the results hardly justify the labor necessary. 

I would not have it understood, from what has just been said, 
that I would throw discredit on plankton measurement, for thia 
paper is evidence of the importance I attach to it, but I wish to 
emphasize the fact that such measurements never can have the 
merit of exactness, for allowance must always be miade for 
error. 

It is very desirable if lakes are to be compared with each 
other in regard to the amount of plankton, that they should bo 
under continuons observation for a long time, preferably for a 
term of years, for there may be considerable differences in the 
plankton of successive years. 
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BELATIVE IMPORTANCE OF PLANKTON CONSTITUENTS IK 
PBODUCIKO MAXIMA. 

In Lake Winnebago and shallow lakes of a similar type it ifl 
evident tliat the great maxima, are produced by plants. We 
have found in the discussion of the Lake Winnebago plankton 
tbati certain cladooera, like Eiurycercvs, sometimes form an im- 
portant part of the plankton, but it may be aaid generally that 
all large maxima are dependent for their size on plants. 

In deep lakes of the type of Green lake, the crufitax3ea, as com- 
pared with the plants, are muc^ more abundant than in the shal- 
low lake, but even here, too, the plants, especially the diatoms, 
are to a considerable extent responsible for the maxima. This 
is shovm very strikingly in the March maxima of Green laka 

It will be noticed, too, that when Crustacea are laigely im;- 
portant in producing plankton maxima, it is not as a rule the 
result of the development of a single kind, but the result of the 
simultaneous development of several kinds. 

In the discussion of the total plankton of the lakes in the 
northern part of the state, I have stated that the August plank- 
ton of the shallow lakee in successive years is more uniform than 
that of the deep lakes. This is explained, I think, by the 
greater relative importance of the cmatacea in the deep lakes^ 
for there is greater variation in the maxima of the crustaoea 
than in those of the "bloom." In plankton ooUecrtiona cover- 
ing a period of years, we may eocpect the curves for the diallow 
lakes to show much greater uniformity than those of the deep 
lakes because of the greater importance of the vegetable part 
of the plankton. 

COMPARISON OF PLANKTON AND TEMPBBATCllK CURVES. 

The temperature ciirves of the lake waters are similar to tlie 
mean curves of the localities in which the lakes are situated, 
with of course fewer variatitms and with a summer maximum at 
a somewhat later period. The summer maximum of the sur- 
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face in Green lake ordinarily oomee in the early part or middle 
of August, while the annual mean of this part of the state haa 
its maximum about the middle of July. Lake Winnebago, be- 
cause of its slight depth, warms up more quickly and cook with 
corresponding quickaess. 

In comparing the temperature curves with the total plankton 
curves we find only a general reeemblance. The greatest 
amount of plankton, generally speaking, is found in the hottest 
months. Hemembering what I have said before, that the plank- 
ton is largely dependent for its amount on the plants, this is 
what would be expected, inasmuch as a high temperature is fa- 
vorable to plant growth. In some cases a maidmum seeims to 
follow the period of highest temperature, but this is by no 
means always the case. Inasmuch as plants are more impor- 
tant in the plankton of the shallow lakes, it follows that the 
plankton of such lakes follows the temperature curve more 
closely than does that of the deep lakes. The deep lakes hava 
annual conditions more closely approaching uniformity, hence 
the variations during the year are less marked, and as they 
never reach the high summer temperature of the shallow lakee, 
they never have such a large production of plants like Oloio- 
irichia, Anabaena, and Lingbya. 

' The fact^ too, that the Crustacea form so much greater pro- 
portion of the plankton in the deep lakes, makes the eorreepond- 
ence with the temperature curve less, for somei of the Crustacea 
have winter ma^Kima. 

In comparing the annual curves of the Crustacea, it appears 
that the summer maxima of most of them came somewhat 
earlier in 1899 than in 1900. This does not seem to be true 
of the general plankton. I have beai interested to know what 
made the difference, but I am not sure that I have detected the 
real reason. The maxima of the general plankton, as has been 
said, are largely dependent on the plants rather than the ani- 
mals. It would seem then, that the cause which made the 1899 
summer maxima of Crustacea greater than those of 1900 must 
have been eomiething that would affect Crustacea but woiild not 
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affect plants. A oompariaon of the temperature curves of tie 
two years shows that the sununer maxinimii came somewhat 
earlier in 1899 than in 1900- This might ^plain the earlier 
maxima of the Crustacea, but I do not quite undeatand vhy 
the plants ahould not have been equally affected. 



OOMPAKISON OF CUETES OP TOTAL PLANKTON WITH OUBTES OT 

PLANKTON OOK8TITDENT8. 

Aa has already been noted, the enures of plant production 
follow very closely the curves of total plankton, for it is to plants 
that the great differences in the amount (xf plankton are due. 
There are some marked exceptions to this general rule, like the 
great maxima of certain of the diatoms. 

In general terma it may be said that the curves for animala 
also follow the total plankton curves, most of them reaching 
their maxima in the summer months. There are many excep- 
tions, however. Some of the Crustacea are perennial in their 
occurrence, and some have winter maxima. Some of the roti- 
fera, too, occur only in the winter mlonths. Generally speak- 
ing, it is in the deep lakes that we find more of those animala 
having winter maxima, although there are some exceptions. 
Some of the Lake Winnebago rotifera, for instance, are found 
only in the winter season. It is evident, however, that the 
greater uniformity of conditions in the deep lakee would make 
winter production more possible. 

HOEIZONTAL DISTRIEOTION. 

One of die questions to which especial attention was paid 
was the matter of the uniformity of horizontal distribution. I 
discussed this question in some detail in a former paper 
(Marsh '97, pp. 218-223) expressing nay own. belief fliat the 
numbers of Crustacea might vary widely in different parts of 
a lake, and that l^ey mi^t, at some times, be aggregated to- 
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getber in swarma, but I did not attempt to esplaio the reason o£ 
the existence of swarms. I also stated my belief that single 
plankton collections might give eoroneous impressions, and 
that an accurate measure of plankton could only be obtained by 
averaging a conaiderable number of collections. 

Kei^iard (Reighard '98) acknowledgee the uniformity of 
distribution of the individual constituents of the plankton, 
Yung (Yung '99), as the result of his studies om the plankton 
of Lake Leman, states positively that the horizontal distribution 
varies within wide limits and that there is no doubt of the ex- 
istence of a^^^egations of oi^anisms in certain localities. The 
causes of these aggregations he states are diverse, but intimates 
that awnetimes currents may accomplish this. 

Steuer (Steuer '01) states that in his opinion, there is no 
further call for discussion, but lihat it must be admitted that 
under similar physical conditions tbera will be unifonuity in 
horizontal distribution. He does not, homvever, give the reasons 
for this opinion. 

While I felt quite sure that my position on the question was, 
in the main, correct, it seemed to me desirable to make a oon- 
siderable number of collections to test the correctness of my 
statement in a somewhat conclusive way. 

Two questions presented themselves for solution. First, the 
comparative amounts of the plankton at different parts of the 
lake at any given tima Second, if it was proved tliat there 
was a difference in horizontal distribution, is this a fairly con- 
stant difference between any two localities, or is it on* that may 
vary from day to day or from honir to hour i 

To answer the first question, at several times collections were 
made at a eonsiderahle number of locatirais on the same day. 
TTie following table will show the result& In preparing this 
table, I have listed no collections where less than four locations 
■were tested. In moat cases the fiigures for the plankton were 
the average of three collections. 
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Table showing compamt've ftmounU of plankton at different 
parts of the lake* at given timet. 



Kama of Lake. 



Ijake Winnebago 

Lake WiuDebago 

Lake Winnebago 

Lake WiooE^bago 

Lake WiDuabago 

Lake Winnebago 

Lake Winaebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebai^ 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

IJake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Wi<:nebi^ 

Lake Winnebago 

Lake Winnebago 

Lake Winnebago 

Lake Buttes des Morta 

lAke Buttea des Morts 

Lake Buttes des Horts 

Lake Buttes dPS Morts 

Lake Buttes des Horts 

Lake Buttes dee Marts 

Cedar lake, Washingtoa Co. . . 



Cedar lake, 
Cedar lake. 
Cedar lake, 
Cedar lake. 



Washington Co. 
Washington Co.,, 
Washington Co, . . 
Washington Co... 



1893 
July 10... 
July 10..., 
July 10..., 
July 10 . . , 
July 10..., 
July 11... 
July 11..., 
July 11..., 
July 11..., 
July 18..., 
July 18... 
July 18..., 
July 18... 
July 18... 
July 18... 
July 18..., 
July 22..., 
July 23.... 
July 22..., 
July 22..., 
July 22..., 
July 2i..., 
July 27..., 
July 27..., 
July 27.... 
July 27.... 
July 27.... 
Aug. 4..., 

Aug. 4 

Aug. 4 

Aug. 4 

Aug. 22.... 
Aug. 22.... 

Aug 22 

Aug. 22 

Aug. 2S 

Aug. 22..., 
Aug. 24.... 
Aug. 24.... 
Aug. 24..., 
Aug. 24.... 
Aug. 24..., 
Aug. 24..., 
Aug. 4..., 
Aug. 4..., 
Aug. 4 . . . , 
Aug. 4. . . 
Aug. 4... 



50.5 
107.1 
1%) 9 
]07 1 
172 55 
163 74 
139.94 

72 83 
119. 
2i5.8-'> 
206 11 
333 2 
130,9 
141.70 
126 B5 
204.85 
2-26 1 
194 45 
2GI 8 
221 2 
130,8 

B3.3 
124.9-5 

91,15 
166 6 
154.7 
154 7 
154.7 
i:so 9 
190.4 

95 2 

66 61 
107.1 
130 9 
114 24 

59 5 
18 (95 
119. 
130 9 
130-9 
130 9 



231 
233 
99.233 
99 234 
99 235 
99 151 
99.155 



ovGoo^lc 
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Table showing comparalive amounta of plankton at differetif 
parts of the laket at given times — coDtinued. 



Name of Lake. 


Date. 


Amount 
of Plank- 
ton. 


Coll. No. 




Mar. 

Mar, 
Mar. 
Mar. 
Mar. 
Mar. 
Mar. 

July 
July 
July 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 

Aug! 
Aug. 
Aug. 
Aug. 

Aug. 
Aug. 
Aug. 
Aug. 
July 
July 
July 
July 
July 
Aug. 
Aug. 
Aug. 
Aug. 


1900 


57.6 
69.5 
90.14 
83.3 
71.4 
595 
9.52 

111 15 
85 SO 
87 35 
81.40 
107.1 
111.15 
123.76 
95.2 
23.8 
62.36 
95.2 
92 34 
53.55 
95.2 
89.25 
86.28 
81.33 
107.1 
110.08 
101.15 
130.9 
117.10 
114.21 
112.57 
119. 
130.9 
249.9 
220.15 






Washington Co... 
Washington Ck)... 
WastingtonCo,.. 
Waahington Co... 
Washington Co... 


































22 


Lake Poyg 
Lake Poyg 
lake Poyg 
lake Poyi 
Lake Poyg 
Lake Poyg 
lake Poyi 
Lake Poyg 
Lake Poyg 
Lake Poyg 
Lake Poyg 
lake Poyg 
lake Poyg 
lake Winn 
Lake Winn 
lake WiQn 
lake Winn 
Lake Winn 
Lake Winn 
Lake Winn 
Lake Winn 
lake Winn 
Lake Winn 
Lake Winn 
Shawano 1 
ShawaQO 1 
Shawano 1 
Shawano t 


1899 






















M 














99 166 


























an 
























































99 no 










24 


98.113 






















8 


99.168 















jvGooi^lc 



DISCUSSION OF REBDLTS. 55 

The stations ■where these collections were made were chosen; 
much at random, with the exoeption of those in Cedar lake, 
which were for the most part in the limnetic r^ion. In. many 
casea the stations of a given date were widely separated. In 
lakes Poygan and Winneconne they were scattered from one 
end of the lake to the other. In Lake Winnebago moat of tJieon 
were within two or three miles of the laboratory at Stony Beach. - 
The route traversed on July 18, however, must have ocverred . 
16 or 18 miilQe. 

In looking over the table, the amount of uniformity is oer- 
tainly very striking. This is especially true of the collections 
in Cedar lake on Aug. 4, 1899, when five collections varied wily 
from 119 to 130.9. These collections were all made in the lim- 
netic region, and the depths at the different stations did not 
vary greatly. 

The oollections made in Cedar lake on March 24, 1900, were 
made through the ice, and the depth at the different stations 
varied from six meters to thirty-one meters. Collections 0.18, 
0.19, and 0,20 were made at a depth of thirty-one meters, the 
depths at the other stations being as follows: 0.16 thirty meters, 
0.17 twelv^ and 0.22 six. There would seem in these oollectiona 
to be a connection between the depth and the amount of plank- 
ton. This is perhaps, as would be expected, for the tempera- 
ture conditions in winter are practically uniform for all depths, 
and as temperature is one of the most important factors limit- 
ing distribution we might infer that increasing depth, under 
such conditions, would tend to increase the amount of plankton. 

Winter collections made on Green lake at other dates, not 
listed in the foregoing table, seem to confirm this generalization 
that during the winter months in a deep lake the amount of 
plankton varies, in a general way, with the depth. 

These facta in regard to the printer plankton led me to look 
over my notes to see whether there was evidence of any similar 
difference in the summer. My only available collections for 
this purpose were those made on Green lake, for the collections 
from Lake Winnebago were nearly all taken from what was 
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practically a uniform depth, and the collections from other 
lakes were not numerous enough to have mudi bearing on the 
question; it is interesting to notice, however, that in collections 
made in Birch lake in September, 1899, and August, 1900, 
wliidi were made at different depths, the amount of plankton 
varied witii the depth. It appears from the Green lake coUeo- 
tions that there is a distinct relation between the depth and the 
plankton, the amount of plankton increasing with the depth, 
but this difference is much less marked in summer than in 
winter. 

I do not remember to have seen any Btatoments by othe« 
authors of the effect of depth on plankton. It is known, of 
course, that there is a differenoe in amount between littoral and 
limnetic plankton, but I think it is without doubt tru^ that in 
the limnetic plankton, depth is a factor in distribution, the 
variation in accordance with depth being most clearly marked 
in the winter. It does not follow, of course, that the deeper 
lakes necessarily have the greater amount of plankton — ^this 
certainly is not true, but simply tliat depth, in any given lak^ 
is a factor to be considered in horizontal distribution. 

In the collections from Lake Winneeonne, the unifoim- 
ity is very marked. In this case the collections were made at 
different locations over the lake, and may be considered as 
typical of the whole lake. This is true in this lake, however, 
liat the conditions vary little in different parts of the lak^ and 
we would expect greater uniformity. 

In Lake Poygan the conditions are much as in Lake Winne- 
ccmne, both lakes being expansions of the Fox river: it is shal- 
low, the depth varying but little, with low swampy shores. We 
should expect, of course, a somewhat different fauna and flora 
in the weeds alongshore from that existing in the limnetic i^ 
gion. But in the limnetic r^on, where the oollectiOTis were 
taken, the winds and the currents must produce all the changes 
in environment. While the plankton differed more in Poygan 
than in Winneeonne, yet, if we throw out 99.169, the variation 
ia not veiy great. This collection was made in, a place sur- 
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rounded by weeds, and it was noted at the time of the collection 
that tlie water was remarkably clear, although in moat parts of 
the lake it was quite opaque because of tlie presence of v^;otabIe 
matter. 

In Siawano lake the variation was somewhat greater than in 
Winneconne and Poygan. Shawano varira more in its deptha, 
laut othenvise the conditions are much as in other lakes. 

It was from the collections made on Lake Winnebago, how^ 
«ver, that I hoped for the most oonduaive results. These were 
mado in considerable numbers and at such widely separated lo- 
calities that it seemed to me it would be a fair test of the uni- 
formity of horizontal distribution. 

I have placed in the forgoing table the amounts of plankton 
obtained in Lake Winnebago on seven different days when col- 
lections were made at several locations. The amount of uni- 
formity is certainly very remarkable, and was, I must confess, 
somewhat, disheartening to me, for I had a theory to maintain. 
The variation does not, in any ease, exceed lie limits which 
Ilensen says are compatible with uniformity, as he defines the 
term. 

In former papers (Marsh '97, and Marsh *01), I have dia- 
cussed this subject in detail, but the results of these collections 
in Lake Winnebago and adjoining waters have led me to modify 
somewhat the opinions then exprK»sed, although I think they 
were, in the main, correct. There seems to be no question that 
in Lake Winnebago the horizontal distribution of the plankton 
is practically uniform. How then can I explain the results of 
collections as given in my formler paper (Marsh '97) ? In 
the former paper I was discussing onlv Crustacea, and came 
to the conclusion that some of them were at times present in 
aggregations which might be called swarms. These aggrega- 
tions have been noticed by other observers, as for example 
Bii^ (Birge '97, 371). 

I acknowledge now that I have, in the past, attached too mud) 
importance to Crustacea as an element in the plankton. As 
will be shown later, the controlling element in the amouot of 1 
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{Jankton is the vegetable material. This is especially true in 
shallow lakes in which tie Crustacea fonm relatively a much 
smaller part of the plankton than they do in the deep lakes. 
The conclusions which I reached in my former papers were very 
largely derived from work on Green lake, in which the cru*- 
tacea are more abundant than in Lake Winnebago, not only rel- 
atively t« the vegetable organisms, but absolutely. It woiild 
follow that aggregations of criistaeea would afiFeet the total 
plankton much more in the deep lakes. In lakes like Lake 
Winnebago Crustacea seldom form a controlling part of the 
plankton except when large numbers of oertain of the cladocera 
are present, and then the total may be appreciably affected. 
For instance, in the collections listed for July 10, '99, the 
larger totals were caused by the presence of Burycercvs which 
was present in unusual numbers, and the evidence from my col- 
lections seeans to show that Eurycercvs occurs in moving aggre- 
gations or swarms that perhaps move under the influence of 
slow currents. 

The collections from the deeper lakes, like Green lake and 
Stone lake, show greater differaices when taken on the same 
day at different localities than do the collections from shallow 
lakes. In these deeper lakes the Crustacea formi a larger pro- 
portion of the plankton. 

My conclusions then are as follows : 

1. I must acknowledge that the uniformity of horizontal dis- 
tribution is greater than I had formerly supposed. 

2. Variations in uniformity, when general conditions remain 
the same, are largely due to variations in the numbers of crus- 
tacean 

3. Inasmuch as Crustacea in deep water lakes are not only 
more abundant relatively to the plants, but are absolutely more 
numerous, it follows that the horizontal distribution of the 
plankton in deep water lakes will be less uniform than in shal- 
low water lakes. Large variations in the horizontal distributioa 
of the plankton in shallow lakes will only be noticed, under ordi- 
nary conditions, when, for some reason, there is a local aggre- 
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gation of some of the lai^er cladocera, such as DaphtUa or 
Ewrycercus. 

i. In winter the horizontal distribution of plankton in deep 
water lakes will bear a more or less close relation to the depth. 
This is explained by the fact that temperature is one of the 
most important factors in the control of the distribution of the 
plankton, and in winter the uniform temperature of the whole 
depth of water makes possible a larger production of planktoB 
in deep water than in fallow. 



COMPABISON OF PLANKTON COLLECTIONS OVEK MODDT AND 
STONT BOTTOMS. 

As intimated earlier in this paper, in the regular collections 
on Lake Winnebago, one series was made over the muddy bot- 
tom, well out in the lake, and another over the stony bottom 
nearer shora The average of the collections made in Hie 
summer of 1899, when they were made daily through the 
montlis of July and August, se-ems to show that the collections 
over the muddy bottom were decidedly larger than those ove* 
the stony bottom. This difference may be explained by the 
different effect of the character of the bottoml on the plankton, 
or by the effect of the alight difference in depth. I have shown 
elflerwhera that the depth has an influence on the amotmt of 
plankton, and it is entirely conceivable that in the averages of 
a large number of collections, a difference of a meter or so in 
depth may have had a marked effect on the amount. Inaa- 
much as the greatest depth at which collections were taken was 
only about five meters, a difference of a meter would mean a 
difference of twenty per cent., which might have a decided in- 
fluence on the amount of plankton. I am, therefore, inclined to 
explain the difference between the muddy bottom and the stony 
bottom as due rather to the difference in depth than to the dif- 
feranoe in the character of the bottom. 
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CHAPTER IV. 



DISTRIBUTION OF SPECIES. 

OEOQBAPIEICAL DISTEIBCTION. 

The eaae witli which plankton forms can be carried from 
place to place makea it unlikely that any lake will have a pecu- 
liar fauna or flora. The agencies by which thia distribution 
19 brought about have been fully discussed in other papers. 
Except, tlien, as the physical conditions are distinctly differ- 
ent, we should expect uniformity rather than diversity. As 
has been intimated already, ther^ is a distinct difference be- 
tween the constituents of the plan-con of the Great Lakes and of 
smaller bodies of wnter, and in the smaller bodies there is a 
marked difference between the deep lakes and the shallow lakee. 
I have already discussed tlie distribution of Cyclops brevispi- 
nosus and Cyclops pnhhellv^, the first, as a rule, being confined 
to the shallow lakes and the latter to the deep ones. 

Diaptom-us oregonensis is common to all the shallow lakes. 
Diaptomus mmutiis is not found in Lake Winnebago and the 
lakes immediately connected with it ; it occurs in the deep lakes, 
but is not strictly confined to tliera, as it may be found in others, 
especially in thoae that are further north. 

Cedar lake, Washington county, is peculiar in being the only 
lake in the state in which I have found Diaptomus sicihides. 
This is common in the states to the south and west of us, and 
it seems probable that it may be found in other lakes in Wis- 
consin. 

Pelican lake is, I believe, the only lake of any size, which 
<loe8 not have large numbers of Diaptomvs. I made a lar^^ PJPR? In 
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ber of collections at different times without finding a single 
specimen of this genua, and I had concluded that it was en- 
tirely absent from the lake, but in 1900 I found two or three- 
individuals. This absence of Diaptomus is one of the most pecu- 
liar facts in distribution which I have run across. Pelican 
lake is a large body of water, with a maximum depth of about 
twelve and a half meters and with a large amount of plankton. 
It is considered a fine fishing lake, and one would expect an 
abundance of the ordinary cnistacea of the plankton. 

In the collections on the northern lakes work was carried on 
in tw-o distinct drainage areas and I was interested to sea 
whether any difference in the faunae and florae of the two areas 
could be detected. As I expected, there was no difference ex- 
cept that due to the difference in depth and general physical 
conditions of particular lakes. 

Gteneo^ly speaking, the result of these collections waa to con- 
firm the statements made by other authors and myself that there 
is practical uniformity in the fauna and flora of lakes over wid& 
extents of territory, except as differences in depth produce con- 
ditions of especial character. It is strange, however, that with 
this general uniformity there should be cases of isolation like- 
that of DiaptomMS sicUoides in Cedar lake or of failure of oo- 
currenoe like the lack of Diaptomus in Pelican lak«. 

In the discussion of the means by which organisms are dis- 
tributed from lake to lake I am inclined to think that too much 
importance has been attached to the work of water fowl, While,^ 
doubtle^, it is a proven fact that water fowl carry organisms, 
seeds, and eggs, from lake to lake, I imagine this is a very 
minor factor in distribution. It is a fact that communicating 
bodies of water are pretty certain to have the same fauna and 
flora. This is veiy noticeable in the lakes in Michigan which 
are connected with Lake Michigan, for their faunae are iden- 
tical -with that of the larger lake. The same is true of Lake 
Winnebago and its connecting waters. When, lakes are pretty 
distinctly separated from each other, there is likely to be a dif- 
ieresDce in fauna and flora. In other words "isolation" plays 
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a lai^ part in producing differenceB in lake faunaa The 
chance planting of certain forms maj determine the diaraotar 
of the fauna for a long period. Everything in Qreen laie 
would seem to favor the growth of Cyclops pvlchellvs as the 
limnetic form of Cyclops. That it does not exist there, it eeema 
to me, must be aimplj because it has not been planted, and there 
is no way it can reach that lake except through the agency of 
watei^fowL Dtaptomus siciloides in some way got a foothold 
in Cedar lake, and remains there because of its isolation and is 
not carried to other lakes, because there are not suitable connect- 
ing bodies of water. 

I have noted in a former paper (Marsh '95), that Diaptomius 
Beiffhardi was found only in a few lakes in the northern part 
of the soutiiem peninsula of Michigan. If water-fowl readily 
carried entomostraea from one body of water to another, it 
would seem very strange that iJiis species should not appear in 
the lakes in northern Wisconsin, instead of being confined to 
eudi a narrow habitat. It ia noticeable, too, that Diaptomua 
Reighardi in Michigan is, for the most part^ found in lakes 
closely connected with each other. 

It appears, then, that isolation caused by the physical con- 
figuration of the country will tend to produce distinct differ- 
ences in plankton constituents, in spite of the other causes which 
may be at work to distribute animals and plants. 



C0MFABI80N OP THE PADNAB AND FLORAE OF DIFPEEBITT 
OLABSEB OP LAKSS. 

The preceding subject leads naturally to the question of the 
faunal and fforal distinctions between the different classee of 
lakes. The classification, as made in the earlier part of this 
paper, was based on physical distinctions which must affect 
the environment and produce characteristic differences in the 
animals and plants. As a matter of fact it was such differences 
which first led me to suggest the divimon of lakes into deep and 
shallow. 
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In the discussion of the annual occurrence of the various or- 
ganisms, these differences have already been noticed in detail, 
but it may be ■well to present them in a summarized form. 

In the case of plants the distinction between the different 
classes of lakes is more quantitative than qualitative, for the lit- 
toral conditions of deep lakes are such as to permit a great 
variety of forms, although they do not allow any large multipli- 
cation of nnmberg. So that while the plant production in the 
shallow lakes is vastly more prominent than in the deep lakea, 
most of the species of the shallow lakes can be found in greater 
or less numbera in the deep lakes. 

Clathrocyslis and allied forms, and Oscillaria, however, may 
be considered peculiar to shallow lakes. Oloioirichui, too, is a 
shallow lake form, but not exclusively so, as it occasionally 
occurs in large numbers in a deep lake. 

Anabaena is tiie ordinary form of the "bloom" of the deep 
lakes but it is not peculiar to them, but is even more abundant 
in the shallow lakra. Of the protozoa, Ceraiium is character- 
istic of the deep lakes. It occurs in shallow lakes, but in lim- 
ited numbers. I do not find that Dirwbryon, can be considered 
as characteristic of any class of lakes, although European au- 
thors have made the distinction between Chroococcaceae and 
Diiwbryon lakes. So far as our Wisconsin lakes are concerned, 
Dmobryon can not be said to be characteristic of any class of 
lakes. Of the rotifers, Noiholca Imigispina, while found in 
both classes of lakes, is found oharacteristicaBy in the deep 
lakes; there it is common and sometimes in great numbers. 
ConochUus, while not found in all shallow lakes, seems, never- 
theless, to be pretty well confined to this type. Of the other 
rotifers, it can hardly be said that they are characteristic of 
either class of lakes. 

Of the Diapiomi, D. sidlis belongs distinctly to the large 
deep lakes although it may be found as a migrant in some of the 
Michigan lakes, connected with the Great Lakes. D. minuius 
belongs to the lai^ deep lakes but not exclusively so, for in 
northern Wisconsin and northern Michigan it may be found in 
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Bome of lie shallow lakes. D. Ashlandi has never been, found 
outside the Great Lakes, and certain todies of water immedi- 
ately connected with them. D. oregonensis ia typical of the 
shallow lake^ but occurs in some lakes that would naturally be 
classed with the deep lakes, like Lake Mendota, 

Epischura lacustris ia not confined to any class of lakes, but 
is more common in the deep lakes. 

Limnocalarms macrums is found only in the lai^ deep lakes. 
Of the lakes within the limits of Wisconsin, only Green, lake 
and Lake Geneva aeem to furnish the necessary environment of 
low temperature with a certain amount of circulation. 

I have already discussed the distribution of Cyclops hrevi- 
spinosus and Cyclops pulchellus. Of the species of Cyclops, 
C. pvlchellus ia, generally speaking, characteristic of ihe deep 
lakes. The other species are common to both classee of lakes. 
C. hrevispinostis, C. pvlchellus, and C. praainus are limnetic in 
habit, C. Leuckarti is common to both the Iimnetio and the lit- 
toral r^ons, while C. fvscus, C. olhidus, and C. serrvlatus are 
littoral species. 

Of the eladocera, Leptodora, Daphvda hydHna, Boamina, 
Diaphanosoma, and Chydorus are common to all olaasea of 
lakes, but Bosmina is much more numerous in the deep lakes, 
and Leptodora and DiaphanosoTtui are found in greater num- 
bers in the larger lakes. Daf^ma pulicarta is found for the 
moat part in. the small deep lakes, while Evrycercus, which oc- 
curs in such numbers in the plankton of Lake Winnebago, is 
never found in the limnetic collections of the deep lakes. 

Peculiar to the abyeaal fauna of Green lake are Mysis and 
Ponioporeia which are also abundant in the abyssal fauna of 
the Great Lakes. 

To sum up, while most of the constituents of the plankton 
are comnaon to all classes of lakee, some few speoiee are confined - 
Btrlctly to one class of lakes, while some of the others may be 
considered characteristic of one olass, although found in small 
numbers in other classes. The following may be considered 
characteristic of the deep lakes: Ceratiwm, Nofkolca longi- 
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spina, Diaptomus dcttia, Cyclops pulcheUvs. Peculiar to tbe 
large deep lakes are lAmnocalaams macrvims, Mysia, and Pon- 
toporeia, all being forms favored bj thedeep water conditiona 
of the lakes of this class. 

Diaptomus Aahlandi should be added to the fonna found only 
in large deep lakes, although it is not commoni to all lai^ deep 
lakes, but is peculiar to the Great X^akeB. 

Daphnda ptdicaria may, I think, be considered a distinctiTQ 
form of the small lakes, although Bometimee found in lakes thitt 
perhaps would not fall in this class. 

The folloiwing may be considered aa diatinotively ahallow 
lake forms : Clathrocystis, OsciUaria, Diaptonms oregonemia, 
and, perhaps, Eurycercus. The cladooera are mndi more abun- 
dant both in numbers and in species in the shallow lakes than 
in the deep lakes, but the forms are not peculiar, as they are 
generally littoral forms which havB become Limnetic in the lakes 
where the littoral and limnetic envirohmenta are very similar. 

OOUFABISON OF PLANKTON OP SUOOBSSIVB TBAB8. 

It is evident that the plankton varies greatly in one year as 
compared with another, and that the variation has no immedi- 
ate connection, in many cases, with differences in annual tem- 
perature. I take it that the variations may be explained by &e 
relations of the oi^nisms to each other. 

It has been a favorite notion of many biologists, in which I 
hare shared, tiiat the balance of life in a lake undisturbed l^ 
man is maintained with a good degree of exactness; that tlie 
animal production is based, in amount^ on the plant production, 
and that the number of predaceous animals ia conditioned on 
the numbers of the animab that serve as their prey. It wwuld 
follow, of course, that in a lake where there were great posw- 
bilities in the way of plant growth, there would be a correspond- 
ingly lai^ number of animab. From this has arisen the oom- 
moa inference that it is the shallow lakes, in which the amount 
of vegetation ia greateet^ that are the best for the production of 
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fi^. It has also been inferred, — ^I have maiJe tiie statement 
myself, — that inasmuch as in a state of nature theTB must he 
brought about an equilibrium between plant and animal growth, 
it is possible that man in his work of fi^ planting may disturb 
this equilibrium so aa to interfere with the highest produetiye- 
nees of a lake ; for it seems apparent that if an equilibriiim be- 
tween plants and animals is onoe established, the introduction 
of any considerable number of either plant-eating or predaeeous 
animals would bring in an element that would disturb nature's 
balance. The result of my work on thrae lakes leads me toi 
think that this idea is very far from correct. Of course, it ia 
true that in the long run a balance will be reached, hut there 
may be wide swings of the pendulum on either side of this con- 
dition of equilibrium. It is evident that the masima, under 
similar conditions of light and temperature, are not reached at 
the same time in different yean, nor is the annual rotation of 
forms the same in different years. Some animals, according 
to Bii^, seem to have biennial periodicity, but others, in which 
this is certainly not the case, appear in great numbers in some 
years and not in others. There is great variability in the an- 
nual records of a lake. It is apparent that certain forms, unr 
der favorable conditions, — conditions which it is frequently im- 
possible to define, — seem to get such a start m the coanpetition 
of life that they are produced in great numbers in some years, 
while in others they may hardly appear. Some animals, if the 
expression may be used, seem at times to get a momentum which 
carries them on to great production. When one stops to think 
of it this is no more than would be expected. Just as weeds 
overrun a farm, so certain forms of aquatic vegetation may. 
overtop everything else in a given year's production. The con- 
dition of a lake cannot be compared with that of a forest un- 
touched by man, for in the forest the vegetation is largely per- 
ennial, while in the lake the vegetation disappears each year, 
and in the annual reappearance it is conceivable that some form, 
from some little changes in the environment, may get a start 
ihat wiU shut off other forms. Thus, in spite of the faot that 
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the conditions of water are more stable than ^oee of the land, 
there will be, in some ways, greater variability in the annual 
productiveness of the water. The changes in the v^etation 
will have a greater or less influence in eontrolling the animals, 
but in. some cases, the animals seem to grow almost independ- 
ently of the plants. 

Examples of this apparently erratic production are seen, in 
the flomparison of the GlowirtcMa curves in Lake Winnfibago 
in the summers of 1899 and 1900j and in animals in the Diap- 
tom-us curve of 1901 in Lake Winnebago as compared with that 
of the preoeding years, or the Dia/phanosoma curve of 1899 as 
compared with the succeeding years. 

It is apparent that the balance of life is maintained much 
more evenly in deep lakes than in those that are ehallower. 

It is to be noticed, too, that in the shallow lakes there is al- 
ways an overproduction of plants in the summer as compared 
with the animals. This has been remarked by many other 
authors. The overproduction becomes bo great at some times 
in mid-summer that the water through the decay of the plants 
may become actually poisonous to the fish. 



BELATIVE VALCE OF DEEP AND SHALIX)W LAKES FOB THE PEO- 
DUCXrOH OF PISH. 

If lakes are to be ranked for fish production in accordance 
with their amount of plankton, the shallow lakes must be con- 
sidered vastly the most valuable. As has been stated before^ 
this is generally considered to be the fact It seems to me, how- 
ever, that this difference, if it exists, has been mioch overstated. 
Fish are dependent for their food, for the most part, on the 
nnim^al part of the plankton, not on the plants. It is the ento- 
mostraca that furnish the basis of food for fishee. N"ow, in 
Green lake the entomoatraca are not only more numerous than 
in Lake Winnebago relatively to the plants, but are also abso- 
lutely more numerous. They are at least as numerous in the 
summer, and during the winter there is a considerable produfr 
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tiou wlidu they have almost diBappeared in La^e Winnebago. 
"itay it not be, then, that Green lake may bave as much of that 
part of the plankton that ia useful for food for fishes as Lake 
Winnebago? I have not facts, from ray study of WiBConain 
lakes, to prove this, but it seems to me to be at least a reasonable 
oonjeotura It is a somewhat significant fact to me that Stona 
lake is oonsidered one of the best fishing lakes in the northern 
part of this state, and it is one of the deeper lakes, being nearly 
eighty feet in depth. It is true that Green lake is not a par- 
ticularly good lake for fishing at the present time, but this is 
probably because it is, to a considerable extent, "fished out" 

There is doubtless a difference between large and small deep 
lakes in favor of the larger lake in productiveness. As I indi- 
cated in a former paper (Harsh, '97, p. 180), this may be ex- 
plained by the more complete stagnation in the abyssal waters 
of liie small deep laka In the lai^er lake, in which the winds 
have better play, the waters are piled up by the prevailing 
winds at one end of the lake and return, in part, at leasts by 
bottom currents, thus aerating to some extent the abyssal re- 
gions. This may explain the productiveness of Stone lake, for 
it is a long, narrow body of water extending in a direction from 
north to south and frequently violently disturbed by southwest 
winds which prevail in this location. It is probable that its 
abyssal regions are much less stagnant than, for instance^ those 
of the Chain o' Lakes which are still deeper, but smaller, and 
euPTomided by eJevations which cut o£E the wind. I do not 
think it probable that, under similarly favorable conditions, 
deep lakea are ever as productive as the shallower onea, but I 
think the difference between the two has been much exasper- 
ated. 

In a deep lake the littoral, limnetic, and abyssal r^ons are 
quite sharply distinguished. There is, of course, no distinct 
dividing line between the littoral and limnetic regions, and the 
organisms of one may be found in the other, and yet the differ^ 
ence between the fauna of the central regions of a lake and its 
shore is very marked. In a very shallow lake there i& no true 
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abyssal fauna, and in a pool the dietiuctiou between the Unmetio 
and littoral t^oqb is lost. 

In Lake Winnebago, aa I have iodicated in a. former paper 
(Marsh '99, p. 181), in spite of its great siee there ia an inter^ 
mliDgling of littoral and limnetic forms. Qadooera like Evry- 
cercuB which are ordinarily considered etrictly littoral are com- 
mon in the limnetic regions, and, on the other hand, limnetio 
forms like Diaptomais and the limnetic species of Gyelops may 
be found in the littoral region. In this lack of distinction be- 
tween the limnetio and littoral forms, Lake Winnebago is like 
an enormously overgrown puddle. 
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T&BU L—Jiecord of total volumes of plankton per square meter in 
Oreen lake. 



Date. 


Vol. iu 
ecm. 


Date. 


Vol. in 

ccm. 


Date. 


Vol in 
com. 


1899. 




1900. 




1901. 




Julj 16.... 


38.67 


July 2.... 


181.36 


Apr. 1,... 


77.35 


July 31.... 


103.29 


July 16.... 


71.4 


Apr. 20.... 


38.37 


Aug. 26.... 


34.75 


Aug. 4.... 


104.72 


May 4.... 


22.13 


Sept. 18.... 


35.7 


Aug. 13.... 


64.26 


May 18.... 


47.6 


Oct. 11.... 


66.45 


Sept. 3.... 


142. B 


June 1.... 


40.46 


Oct. 19.... 


57.6 


Sept. lb.... 


63.55 


June 22.... 


69.6 


Oct. 31.... 


43.55 


Bept. 29.... 


51.65 


July 8.... 


61.88 


Nov. 27.... 


71.4 


Oct. 16.... 


53.66 


July ao.... 


76.16 


IBOO. 




Oct. 27.... 


49.98 


Aug. 3.... 


46. 2S 


Jan. 13.... 


50.69 


Nov. 10.... 


47.6 


Aug. 27.... 


30.7 


Jan. 20.... 


65.45 


Nov. 24.... 


47.6 


Sept. 18.... 


43.33 


Feb. J3.... 


197.54 


Dec 21.... 


36.7 


Oct. 19.... 


35.7 


Mar. 23.... 


197.54 


1901. 




Not. 9.... 


30.94 


^, T::: 


96.2 


Jan. 14.... 


19.01 


Dec. 9.... 


29.75 


107.1 


Jan. ■26.... 


33.8 


1902. 




Mar SI.... 


122.81 


Feb. "».... 


53.55 


Feb. 19.... 


46.17 


June 3.... 


226.1 


Feb. 23.... 


54.7* 


Sept. 12.... 


77.35 


June 16.... 


399.84 


Mar. 9.... 


73.78 


Sept. 13.... 


71.4 
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—Mecord of total volumes of plankton per squars meter in 
Lake Winnebago. 



Statistics prepared as for Greeo lake. 



Date. 


Vol. in 


Dat«. 


Vol. in 


Data. 


Vol. in 


1809 




1899 




1900 




July 5... 


71.4 


Aug. 


11.... 


121.95 


Aug. 22.... 


316,56 


July 6... 


71.4 


Aug. 


12.... 


90.20 


Sept. 8.... 


623.6 


July 7... 


119. 


Aui. 


14.... 


147.32 


Sept 22.... 


152.12 


July 8... 


111.15 


Aug. 


15.... 


133.76 


Oct. 6.... 


99.01 


July 10... 


108.29 


Aug. 


16.... 


116.38 


Oct. 20.... 


66.64 


July 11... 


67.69 


Aug. 


17.... 


111.03 


Nov. 6.... 


40.46 


July 13... 


136.85 


Aug. 


19.... 


120.19 


Not. 21.... 


18.8 


July 13... 


86.28 


Au|. 


21.... 


128.62 


Dec. 5.... 


6.43 


July U... 


111.79 


Au|. 


22.... 


158.51 


1901 




Joly 16,.. 


116.86 


Aug. 


26.... 


111.22 


Jan. 5.... 


8.92 


July 17... 


124.21 


Aui. 


2B.... 


83.30 


Jan. 19.... 


7.26 


July 18... 


136.61 


Aug. 


30.... 


176. IE 


Feb. 2.... 


11.30 


July 19... 


137.92 


Aug. 


31... 


95.2 


Feb. 16.... 


9.52 


July 20... 


183.36 


Sept 


16. .. 


368.9 


Mar. 2.... 


17.13 


July 21... 


268 TO 


Oct. 


7.... 


92.82 


Mar. 16..., 


8.33 


July 22... 


191.83 


Oct. 


21.... 


162,55 


Mar. 30.... 


6.51 


July 25... 


138.01 


Nov. 


4.... 


99.92 


Apr. 13.... 


8.57 


July 26... 


162.75 


Nov. 


25.... 


59.98 


Apr. 27.... 


16,94 


July 27... 


220.39 


1900 




May 11.... 


35,22 


July 28... 


210.63 


JaD. 


1.... 


33 32 


June 8 


29.75 


July 29... 


232.53 


Jan. 


27.... 


65.17 


June 25.... 


42.81 


July 30... 


193.26 


Feb. 


17.... 


10.. 


July 12.... 


172.55 


July 31... 


239.19 


Mat. 


3,... 


10 17 


July 27... 


233. 


A«|. 1... 


173.5 


Mar. 


17.... 


7,38 


Aug. 24.... 


99.72 


Aug. 2... 


148.61 


Mar. 


27.... 


20 94 


Sept. 13..., 


127.09 


Aug. 3... 


191.92 


'£r 




46.65 


Sept, 28,... 


79,73 


Aug. 4... 


107.58 


ii!!" 


78.30 


Oct. 12.... 


32.71 


Aug. 5... 


101.15 


MaJ 


24.... 


180.10 


Nov. 2.... 


83.3 


Aug. 7... 


138.75 


June 


9.... 


202.3 


Nov. 16.... 


23.8 


Aug. 8... 


138.75 


June 


25.... 


128.6 


1902 




Aug. 9... 


U4,9B 


July 


9.... 


138.04 


Aug. 16.... 


201.68 


Aug. 10... 


170.41 


July 


28.... 


145.11 


Sept. 2..., 


123.76 
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Table III.^Eecord of total volume* of plankton per tquare meter 
WisooTuin lakes. 



Name of Iiake. 


Date. 


Vol. in 




Sept 25,1899 

Sept. 22,1899 

Aug. 11,1900 

Aug. 7,1901 

Aug, 15,1902 

Sept 23,1898 

Aug. 24,1899 

May 30,1900 

Aug. 1,1899 

Mar. 21,1900 

Jan. 29,1900 

Oct 15,1898 

Aug. 9,1900 

Aug. 10,1901 

Aug. 10,1902 

Aug. 9.1900 

Aug. 10.1901 

Aug. 10,1902 

Aug. 9,1900 

Aug. 10,1901 

Aug. 10,1902 

Aug. 14,1900 

Aug. 12,1901 

Aug. 13,1902 

Aug. 11,1900 

Aug. 12,1901 

Aug. 13,1902 

Aug. 11,1900 

Aug. 12,1901 

Aug. 13,1902 

Aug. 14,1900 

Aug. 12,1901 

Aug. 13,1902 

Oct 1,1898 

Aug. 10, 1900 

Nov. 27,1902 

Sept 21,1S99 

Aug. 11,1900 

Aug. 12,1901 

Aug. 12,190*1 

July 23,1899 

Aug. 6,1899 

AuR. 6,1899 

May .30,1900 

Bept 23,1899 

Aug. 11,1900 

Aug. 11,1901 

Aug. 11.1908 

Aug. 8,1899 
















































Clover Leaf lakes: 




































Eagle River lakea: 




















Link 










































122 09 




















77.06 










Said :::::::' 








Sand 


63.13 






Sbawano 


179.93 
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Tablb III.— Continued. 



Name of Lake. 


Date. 


Vol. in 




Aug. 9,1900 

Aug. 8,1901 

Sept 83,1889 

Sept 23,1899 

Aug. 12,1900 

Aug. 11,1901 

Aug. 12,1002 

Sept. 25,1899 

July 29,1899 

July 29,1899 

July 29.1899 

July 30,1899 

July 30,1898 

July 24,1899 

Aug. 6,1899 

Aug. 24,1899. 

May 30,1900 
























Stone 


M.W 






Waupaca lakea: 
Rainbow 


111.16 




107.10 












110.91 






WInneconne 


64.86 




17 6 
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—Numbert of Dfaptomua minnUu andDiaplor 
per square meter in Green lake. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899. 




1900. 




1901. 




July 16.... 


163.744 


July 2.... 


159,936 


Mar. 9 


66,640 


A«J. 1.... 


706,384 


July 16.... 


198.016 


Apr. 1 


... 121,856 


Aug. 25.... 


134,470 


Aug. 4.... 


634,032 


Apr. 20 
May 4 


... 32,368 


Sept. 18.... 


205,156 


Aug. 18.... 


!iU9,408 


57,120 


Oct. 4.... 


280,840 


Sept. 3.... 


447,440 


May 18 


... 34,272 


Oct. 19.... 


211,808 


Sept. 15.... 


127,568 


Juue 1 


... 47,600 


Oct. 31.... 


25,704 


Sept. 29.... 


198,016 


June 22 


... 177,072 


Nov. 27.... 


32,368 


Oct 16.... 


171, .360 


July 8 


... 216,152 


190O., 




Oct. 27.... 


102,816 


July 20 


... 283,216 


Jan 13.... 


28,660 


Nov. 10.... 


43,792 


Aug. 3 


... 205,632 


Jan. 20.... 


10,472 


Nov. 24.... 


38,556 


Aug. 27 


... 60,928 


Feb. 23.... 


78,064 


Dec. 21.... 


87,684 


Sept. 18 


... 116,144 


Mar. 22.... 


228,480 


190]. 




Oct. 19 


... 95,200 


Apr. 20.... 
May 5... 


34.272 


Jan. 14.... 


79,968 


Nov. 9 


... 53,312 


146,608 


Jan. 25.... 


65,216 


Dec. 9 


... 72,352 


May 21.... 


91,382 


Feb. 9.... 


106,624 


1902. 




June 2.... 


47,600 


Feb. 23.... 


137,088 


Feb. 19 


... 110,432 


June 16 


158,032 











jvGooi^lc 



PLANKTON OF WINNBBAOO A21D GREEN LAEEB. 



Tablk V.~Numberao/ Diaptomu» iregoneitsia per square me ferin 
Lake Winnebago. 



July 6-11. 
July 12-18. 
July 19-25. 
Ju.26-Aug, 
Aug, 2-8. 
Aug. »-15. 
Aug. 16-22. 
Aug.23-29. 
Aug. -SO- 

Sept5.., 
Sept. 16... 
Oct. 7... 
Oct. 21... 
Nov. i... 
Not. 25... 
1900. 

Jan.' Zl'.'.'. 
Feb. 17... 



21,420 
21,896 

16,181 

19,992 
37.128 

8,092 
17,136 



1900. 
Mu. 3 
Mar. 17 
Mar. 27. 
Apr. 28 
May 11 
May 24, 
JuDe 9. 
June 25 
July 9, 
July 28, 
Aug. 22, 
Sept. 8 
Sept. 22 
Oct. 6, 
Oct. 20 
Nov. 6, 
Nov. 21 
Dec. 5 



7,616 
952 
16,184 
16,184 
19,992 
18,564 
20,944 
34,272 
19,516 
15,232 

5,712 
11,134 
31,182 



Peh 


12... 


H'eb. 


16... 


Mar 


2... 


Mar 


16... 


April 13... 


April 27... 
M^y 11... 


June 




.hinn 


25... 


,]i.lv 


12... 


July 


27... 


Au^. 




Bept 




Bept 


28... 




12... 


Nov. 


2... 


Nov. 


16... 



9,041 
2,380 

18,652 



TxblkYI.— Numbers of Epiaohura lacuetrit per square meter ii 
Lake Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1890 




1000 




July 5-U. 


714 


Aug. 16-22. 


476 


June 9.... 


6,188 


July 12-18. 


13,566 


Aug. 23-29. 


1,428 


June 85 


238 


July 19-25. 




Aug. 30- 






5,9G0 


July 26- 




Sept. B 


952 


July 28.... 


476 














Ang. 2- 8, 


1,428 






Sept. 22.... 


238 















j,Gooi;le 



APFBNDIX. 



Tablk Wl.— Numbert of Epischura latnistria per tquare meter in 
Green lake. 



July 16... 
Aug. 1... 
Aug. 25... 
Sept. 18... 



Oct. 19... 
Oct. 31... 
Nov. 27... 



Date. 


No. 


190O 




July 2.... 


2,856 


July 16.... 


1,904 


Aug. 4.... 


22,848 


Aug. 18 ... 


3,808 


Sept. 3.... 




Sept. 15.... 


1,001 






Oct. '^.... 


2,142 



Date. 


No. 


1900 




Nov. 10.... 




1901 




June 22... 


1,904 


July 8.... 


3,808 


Aug. 3.... 




Auk. 27.... 






8,468 



Table VIII 


— Numbers of Limnooalanua mac 


rurtu per »quare meter 






in Or(,en lake. 




Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1900 




1901 




July 16.... 


3,808 


July 2.... 


1,904 


Apr. 20.. 
MaTy 4.. 


4.760 


Aug. 1.... 


24,762 


July 16.... 


47,600 


9,620 


Aug. 25.... 


952 


Aug. 4.... 


9,520 


May 18.. 


3,808 


Oct. 4.... 


7,616 


Aug. 18..,. 




June 1.. 




Oct. 19.... 


3,094 


Sept. 3.... 


17,136 


June 22.. 


. 22.818 


Oct. 31.... 




Sept. 15.... 


952 


July 8.. 


714 


Not. 87.... 


7,616 


Sept. 29.... 


1.90* 


July 20.. 




1900 




Oct. 16.... 


1,904 


Aug. 3.. 


962 


Jan. 13.... 


238 






Aug. 27.. 




Feb. 23.... 


952 


Nov. 24.... 


19,040 


Sept. 18.. 


3,aOB 


Uar. 22.... 


7,616 


1901 




Oct. 19.. 




Aw. 30.... 
May 5.... 






476 






8,46S 


Jan. 20.... 


5.712 


Dec. 9.. 


238 














June 2.... 


1,42S 


Mar. 9.... 


6,661 


Feb. 19.. 


7,616 


June 16 


9,520 


Apr. 1.... 


12,376 







jvGooi^lc 



FLAXETON OF WINNEBAQO AND OREEN LAKBB. 



Table IX.- 


Numbers of Cyetopt brevitpino»u» per square meter in 






Lake Winnebago. 






Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1890 




1900 




July 5-11. 


8,808 


Sept. 16..., 


7,140 


Sept. 22.... 


1,901 


July 13-18. 


13,090 










July 19-25. 


5,236 


Oct. 21.... 


476 


1901 
















Aug.] 


13,328 


1900 




July 12.... 


10, «2 


AuR. 2-8. 


17,612 


May 11.... 


5,712 


July 27.... 


19,992 


Aug. ft-lS. 


5,236 


July 9.... 


12,378 






Aug. 16-22, 


5,750 


July 28.... 


20,944 


Sept, 18.... 


30,461 


Aug. 23-29. 








Sept. 28.... 




Aug. 30- 




Sept. 8.... 


2,856 


Oct. 12.... 

















Table X. — Numhera of Cyclops pulcheUua per tquara meter in Lake 
Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 










1901 




Nov. 4.... 


5,712 


May 24.... 


8,568 


Mar. 30.... 


238 


Nov. 85.... 






1,904 






1900 




Oct. 20.... 


5,712 


June 8.... 


7,616 


Jau. 27.... 


7,616 


Nov. 6.... 




June 25.... 


3,808 


Mar. 3.... 


238 


Nov. 21.... 


1,428 


Sept. 28.... 


3,880 


Mar. 17.... 


7,616 


1901 




Oct. 12.... 




AprU28.... 


.S,809 


Jan. 19.... 


238 


Nov. 2.... 


15,232 


May 11 


18,083 











jvGooi^lc 



Tabls XI. —Numhera of Cyclop» Leuckarti per square meter in Lake 
Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1898 




1900 




July 5-11.. 


4,998 


Sept. 16.... 


17,136 


July 28.... 


18,088 


July 13-18.. 


16,136 




3,094 


Aug.:22.... 


10,472 














July 26- 








Sept. 22.... 


7,616 


Aug. 1 


16,660 


1900 




Oct 6.... 


i,eo4 




n, 136 








2,866 


Au^. 9-15. 


17,612 


May 11 


25,704 


1901. 




Aug. 16-23. 


11,424 


May 24 


2,856 


July 12.... 


953 


Aug. 23-29. 


11,424 




1,904 


Aug. 24.... 


12,614 


Aug. 30- 




June 25.... 


952 


Sept. 13.... 


19,040 


Sept. 5 


21,430 


July 9.... 


32,368 


Sept. 28.... 


1,901 



Table XII. — Numbers of Cyclops pra»inu» per square r 
Green lake. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1900 




1901 




July 16 ... 


28,560 


July 16.... 


22,846 


Apr. 1.. 


. 13,398 




104,720 


Aug. 4.... 


112,336 


Apr. 20.. 


6.71S 


Aug. 25.... 


23,672 


Aug. 18.... 


60,928 


May 4.. 


3,808 


Sept. 18.... 






59,024 


May 18.. 


3,808 




112,336 


yept. 15.... 


31,272 


June 1.. 


. 7,618 












»,520 






Oct. 16.... 


65,212 


July 8.. 


1,904 


No7. 27.... 


19,040 


Oct. 27.... 


85,680 


July 20.. 


. 18,040 






Nov. 10.... 




Aug. 3.. 




Jan. 20.... 


1,428 


Nov. 24.... 


26,656 


Aug. 27.. 


. 39,984 


Feb. 23.... 


15,232 


Dec. 21.... 


9,520 


Sept. 18.. 


. 74,256 






1901 










19,040 


Jan. 2o.... 


13,328 


Nov. 9.. 


. 20,941 


May 21.... 


15,232 


Feb. 9.... 


13,328 


Deo. 9.. 


. 32,368- 






Feb. 23.... 








June 18 


11, 424 


Mar. 9.... 


9,520 


Feb. 19.. 


. 17,136 


July2^ 
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PLA2fKT0Ji OF WINNBBAOC AND GREEN LAKES. 



TlALS XIlI—Numbei 



of copepod larvae per square meter in 
Lake Winnebago. 



Date. 


No. 


Date. 


No. 


Date 


No. 


18991 




1900 




1901 




July 6-11. 


11,186 


Mar. 17 .. 


40,222 


Jan. 19 


... 1,904 


July 12-18. 




Mar. 27... 


45,696 






July 19-25. 


69,196 


Apr. 28... 
May 11... 


367,472 


Feb. 16 


... 1,904 


July 26- 




297,976 


Mar. 2 


952 


Aug.l 
Aug. 9-15. 


8,B68 


May 24... 


115,906 




1,190 


BO, 93a 


June 9... 


12,376 


Apr. 13 


... 17, 136 






June 25... 


49,980 




... 57, 120 


Aug. 23-29. 


34,510 


July 9... 


31,416 


May 11 


... 30,464 


Aug. 30- 








June 8 




Sept. 5 
Bopt. 16.... 


51,408 


Aug. 22... 


101, 150 


June 25 


... 15,232 


6,664 


Sept. 8... 


42,840 


July 12 


... 5,712 




49,504 


Sept. 22... 




July 27 




Not. 4.... 


32,368 


Oct. 20... 


2,856 


Aug. 24 


... 27,608 


Nov. 25.... 


48,552 


Nov. 6... 


8,568 


Sept. 13 


... 48,744 


1900 




Nov. 21... 




Sept. 28 


... 39,508 


Jan. 1.... 


12,376 


Dec. 5... 


i,9{a 


Oct. 12 


... 21,896 


Jan. 27.... 


13,804 


1901 




Nov. 2 


... 22,848 


Feb, 17.... 


IB, 088 


Jan. 5... 




Nov. 16 


... 20,944 


Mar. 3.... 


21,806 











Table XIV. — lumbers of copepod larvae per square meter in 
Oreen lake. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




190O 




leoi 




July 16.... 




July 2.... 


1,904 


April 1.. 


. 11,424 


Aug. 1.... 


249,421 




100,912 


April 20.. 


. 5,712 


Aug. 25.... 




Aug. 4.... 








Sept. 18.... 




Aug. 18 ... . 


310,352 


May 18., 


, 62,832 


Oct. 4 . . . . 


28,560 


Sept. 3.... 


137,088 




. 319,872 


Oct. 19.... 


9,520 


Sept. 15.... 


67,544 


June 22.. 




Oct. 31.... 




Sept. 29.... 


57,120 


July 8.. 


. 84,153 


Nov. 27 ... 


72,352 




1,904 


July 20., 


. 118,048 












. 144,704 


Jan. 13.... 


47,600 




36,176 


Aug. 27.. 


. 180.880 


Jan. 20.... 


28,560 


Nov. 24.... 


51,408 


Sept. 18.. 


. 317,968 


Feb. 23.... 


20,944 


Dec. 21.... 


198,112 


Oct. 19,, 




Mar. 22.... 


19,040 


1901 




Nov. 9.. 


. 22,848 


April 20.... 
May 5.... 


22,848 


Jan. 14.... 


45,696 


Dec. 9.. 


74,256 




Jan. 25.... 


32,368 


1902 




May 21.... 


59,024 


Feb. 9.... 


95,200 


Feb. 19.. 


. 38,080 


June 2.... 






ei,408 








142,800 




20,944 
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—Numberi of I>iaphanoaoma brachyurum per tqunre 
meter in Lake Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1899 




1900 




July 6-11.. 


14,280 


Sept. 10... 




Oct. 6.... 


7,616 


July 12-18.. 


28.322 






1901 




July 19-25.. 


191,208 








176 


July 26- 




May 24,.., 


1,760 


July 12.... 


9,520 


Aug. 1 


116,620 


June 9 








Aug. 2- 9. 


33,368 


June 25.... 


952 


Aug. 21.... 


22,848 


Aug. ^9-15. 


30,464 


July 9.... 


1,428 


Sept. 13.... 


962 


Aug. 16-22. 


19,992 








2,112 


Aug. 23-29. 


5.712 


Aug. 22.... 


39,981 




714 


Aug. 30- 




Sept. 8.... 


17.850 


Nov. 2.... 


3,808 















—Numbers of Daphnta hyalin 
Lake Winnebogo. 



per square meter in 



Date. 


No. 


1899 




July 5-11. 


16,660 


July 12-18 


30.164 


July 19-25. 




July 26- 




Aug. 1 


105,196 


Aug. 2-8. 


12,376 


Aug. 9-15. 




Aug. 16-32. 


44,268 


Aug. 23-29. 


40,936 






Sept. 5 


10,936 


Sept. 16... 


11,756 


Oct. 7.... 


176 


Oct. 21.... 


5,712 


Nov. 1.... 


7,110 




4,284 



July 9.. 
July 28.. 
Aug. 22.. 
Sept. 8.. 
Sept 22 , 
Oct 6,. 
Oct 20.. 
Nov. 6 , . 



1900 




Nov. 21.... 


1,284 




476 


1901 




May 11,... 


176 


June 8..., 




June 25... 


5,712 






July 27.... 


8,568 


Aug. 21.... 


10,172 




2,856 


Sept 28.... 


1,998 




1,904 


Not. 2.... 


14,518 


Nov. 16.... 


4,284 



D.qilizMb,G00>^IC - 



PLANKTOH OF WWNEBAOO A2fD aBEEN lUSES. 



Tablx XVII.— Numbert of Daphtiia hyalint 
Green lake. 



per square meter in 



Date. 


No. 


Date. 


No. 


Date. 


No. 










1901 




July 16.... 


13,328 


July 16... 


6,664 


June 22.... 


952 




93i396 










Aug. 35.... 


4,760 


Au(t. 18... 


15,2.32 


July 20.... 


19,040 


E<ept. 18.... 


3,091 




59,021 




6,664 






S«ptl5... 


3,808 


Aug. 27.... 




Oct. 19.... 


26,894 


Sept 29... 


20,914 


Sept. 18.... 


24,752 














Nov. 27.... 


1,428 


Oct. 27... 


17,136 


Nov. S 




1900 




Nov. 10... 


30,984 


Dec. 9 


238 


June 16.... 


476 


Nov. 24.... 


9,620 






July 2.... 


1,904 











Tablb Xyn.l.—Nu.mbeT» of Boamina per tqui 



Date. 


No. 


Date, 


No. 


Date. 


No. 


1899 




1900 




1901 




July 16.... 


63,312 


June 2... 


fl,520 


Jan. 25.... 


19,040 












7,616 


Aug. 25.... 




July 2... 


635,938 


Feb. 28.... 


11,424 


Sept. 18.... 


23,800 


July 16... 


325,584 


Mar. 9.... 


3,808 


Oct. 4.... 


24,752 


Aug. 4... 


12,378 


Apr. 1.... 




Oct. 19.... 


24,752 


Aug. 18... 


5,712 


May 4.... 


1,901 














Nov. 27.... 


173,264 


Sept. 15... 




July 8,.,. 


7,616 


1900 




Sept. 29.,. 


5,712 


July 20,... 


3,808 


Jan. 13.... 


114,240 


Oct. 16... 


1,904 


Aug. 3.... 


9,520 


Jan. 20.... 


79,963 


Oct. 27... 


5,712 


Sept, 18.... 


7,616 


Feb. 23.... 


74,256 


Nov. 10... 


59,024 


Oct. 19.... 


3,808 


Mar. 22.... 


138,992 


Nov. 24... 


20,914 


Nov. 9.... 


118,048 


Apr. 20.... 


36,176 


Deo. 21... 


19,010 


Dec. 9.... 


165,646 


May 5.... 


9,620 


1901 




1902 




May 21.... 


4,760 


Jan. 14... 


3,808 


Feb. 19.... 


30,940 



j,Gooi;le 



APPENDIX. 



Table XIX. —jViimftera of Eurycercua lamellatus per square meter tn 
Lake Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1899 




1900 




July 5-11.. 


23,086 


Aug. 23-29. 


39,270 


June 9 


238 






Aug. 30- 




Juue 25 




July 18-25. . 


22,134 


Sept.5 


19,040 


July 9.... 


10,948 


July 2G- 




Sept. 16.... 


40,460 


July 28.... 


40,460 


Aug. 1 








Aug. 22.... 


20,944 


Aug. 2- 8. 


952 


Nov. 1.... 




Sept. 8.... 


4,284 


Aug. 9-16. 


1,428 


1900 








Aug. 16-22. 


3,332 


Apr. 28.... 




June 8 





—Numbers of Chj/doruaper square meter ii 
bago. 



Date. 


No. 


1899 




July 5-11 


19,516 


July 12-18. 


9,520 


July 19-25. 


2,856 


July 26- 




Aug. 1 


16,184 






Aug. 9-15. 


28,560 






AuB. 23-29, 


238 ' 


Sept. 16...- 


952 






Nov. 4.... 


2,618 


Nov. 25.... 


4,522 






Jan. 1.... 


952 



1900. 


Jin 


27... 


Mar. 


27... 


fc 


24... 




9... 


July 


9... 


.Inly 








Sept 


8... 


Sept 








(kt. 


20... 


Nov. 


6... 


Nov. 


21... 



1900 

Dec. 5. 

1901 

Apr', n'.'. 

May 11., 

June 8.. 

July 12.. 

July 27., 

Aug. 24.. 

Sept. 28., 

Oct 12., 

Nov. 2., 

Nov. 16., 



D.qitizecibyGoO'^lc 



PLANKTON OF WINSEBAQO AND OREEN LAKBB. 



Tablk XXI.— Numbers of Leptodora per gquare meter in Lake 
Winnebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1899 




1900 




Ju!y S-11. 


714 


Aug. 30- 




Sept 8.... 


367 


July ia-18. 




Sept. f 








July 19-25. 


1,904 


Sept. 16.... 


1,901 


Oct. 20.... 


238 


July 26- 








1901 




Aug. ] 


1,666 


May 21.... 


238 




714 


Aug. 2- 8. 


952 


Juue 9.... 


238 




476 


Auk. d-15- 


238 


June 25.... 


714 


July 12.... 


1,428 


Aug. 16-22. 


238 


July 28... 




Aug. 24.... 


238 


Aug. 22-29. 


476 


Aug. 22.... 


476 







Tablk XX1I.~ Numben of Cj/pria per tquire meter in Lake Win- 
nebago. 



Date. 


No. 


Date. 


No. 


Date. 


No. 


1899 




1899 




1900 




July 5-11. 


1,428 


Aug. 23-29. 


11,186 


June 25.... 


476 


July 12-18. 


10,510 






July 9.... 


16,184 






Sept f 




Aug. 22.... 








Sept. 16.... 


17,612 


1901 




Aug.] 


714 








714 


Aug. 2- 8. 


5,712 


May 11.... 


952 




9,620 




15,232 


May 24.... 


7,616 


July 12 ... 


958 


Aug. 16-22. 


16,422 


June 9,... 


2,856 







jvGooi^lc 



APPENDIX. 



Table XKIIL— Maximum depths of Wisconsin lakes. 

NoTa — It has been foaad, by eiperienca, that the popular ideas imegard to ths 
depths of lakes are utterly nureUabla. CoiiMiiiiently. althoQKh onl; a Bmall number of 
the WiaconeLa lakes have been accurately eoanded, it seema beat to append a table of 
those depths that are known, to serre as a matter of referenoe. 

In 1897 a recooQaisaauae of a considerable number of the WieBonsIn lakes waa madS 
by the author as preliminary to the stud; of the lakes undertaken by the Natural Els- 
torr Sartey of Wisconsin, Altbougb this waa a baaty trip, considerable care wag takMi 
to determine the greatest deptlieof the lakes tiaited. and where sobsequent detailed sui- 
Teya were made, it appeared that the record of the praliminarr trip was guite acoorats. 
Under the anspleea of Ihe Survey detailed hrdroeraphio sacTeye were afterwards made 
of the foUowiag lakes: Lake Qeneva, the Oconomowoc lakes, Lake Benlah, Elkhut 
lake, the Waupaca lakes, I>elaTan lake, the Lauderdale lakes, tinea lake, Lake 
Uendota, and Lake Uonoua. The Q«area glTen tor these lakea, tlien 
Thefigaree gireo tot the other lakes are the result otonty a cursory 
the probabiliU' tiiat the deepest parte of the lakes were eiamined, bat with the poui' 
bility of some error. The depths are the result of a personal examination by tlie antho r 



DBtJon, with 



Name. 


Township 


BaoKe. 


County, 


Depth. 




33 N 

8N 

iN. 


XE 

XVIII B..,. 
XVIII B.... 


Langlade 

Waukeeha .... 


Feet. 


Beaver. 


47.6 












Mill. .. . 








51 5 












Upper 








67. 




36 N..... 

m. 

18&19N 

16 N 

UN 

26 N 


XV E 

XVII E 

XV & XVI E 
XXXI B.... 

IXXE 

XVB 


Forest 

Walworth 

Winnebago.... 

Sheboygan 

Washiogton.... 








Buttea dea Morte.... 


».7 
























48.7 












Crooked 


7N 

2 N 

15 N 

39&10N 


XVII E 

XVI B 

XVII E 

X&XIE... 


Wankesha .... 

Walworth 

Fond du Lac. 
Vilas & Oneida. 


16. 




36 7 






Ea^le River lakea .... 


"ieie" 






















0^. 






















4N 

16 N 

8N 

8N 

7N 

7N. 


XVIII E.... 

XXI B 

XVII E 

XVIIIB.... 

XVII E 

XVII E 


Walworth 

Sheboygan 

Waukesha .... 
Waukesha ... 
Waukeaha .... 
Waukesha .,.. 


16.5 






Fowler 


50. 


Genesee, North 

Ctenesee, South 


36.4 
47.6 
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PLANKTON OF WINNEBXQO AND OBEBS LAKEB. 



Table XXII. — Maximum depthg of Wi»con»ln ia ins— Continued. 



Name. 


Township 


Range. 


County. 


Depth. 




IN 

15ft Id N 

6N 

8N 

4N 


XVI, XVI E 
XII A XII E 
XAXI E... 

XVII E 

XVI E 


Walworth 

Green Lake.... 

Dane 

Waukesha .... 


Feet. 


Green 






















Middle 






















15 N . . . . 

14 N . . . . 

34 N..,. 
38N.... 
7 &8 N. 

7 N 

8 N 

7 N 

7 N 

7 N 

7 N 

7 N 

8 N 

7 N 

8 N 

7 N 

35 N.... 

7 N 

8 N 

1 N 

19&a0N 

35A36N 
27 N.... 

36 N .. 
7N 

15 N.... 
35ft36N 
33 N.... 
38 A 39 N 
IN 


xiitB 

XIXB 

XV E 

XIE 

IX E 

IX&X B,.. 
XVIII B.... 
XVIII B.... 

XVII E 

XVIIB 

XVII E 

XVII E...., 

XVIII E.... 

XVII B 

XVII A 

XVIII E.. 

XVII E 

X AXIE... 

XVIII A 

XIX E.... 
XVIII E.... 

XVIII A 
XIXB.... 

XIII, XIV 
AXVE... 

XIII E 

XVI, XVIIB 

XIV E 

XVI E 

XIII E 

XIIIE 

XB 

vr ft vii E 

XIX E 


GreeD Lake... 
Fond du I^. , 

Forest 

Oneida 




Long 








tecine .■.■.■.■.■.■.'.'.:::: 














Mouse 


Waukesha 

Waukesha .... 

Waukesha 

Waukesha .... 
Waukesha . . . 
Waukesha .... 
Waukesha .... 

Waukesha .... 

Oneida 

Waukesha 

Waukesha .... 

Walworth and 
Kenosha 

Winnebago A 
Waushara . . . 

Forest 

Shawano 

Forest 

Green Lake . . . 

Forest 

Langlade 

Oneida A Vilas 








Nashotah, Upper .... 

Naahotah, Lower 

Hemahbin. Upper.... 
Nemahbiu, Lower..., 


61.2 
46.2 
62. 
354 




62.6 




94. 


Pelican 








Pine 


46.3 








32.5 




11.4 


































Lake Mary 








42 N . . . . 
6 A 7N. 
21 A 82 N 


XIX E 














XIE 












Beasley 
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APPENDIX. 



Tablr XXII. 


—Maximum depths of Wisconsin lake^.— Continued 


. 


Name. 


Township 


Range. 


Connty. 


Depth. 


Waupaca: 








Feet 


Dake 








SS 

77 
70 
60 

m 

32 
40 
40 
95 
66 
























Marl 




















Mud 










Otter 




















Rainbow 
































15 A 20 N 
19&20N 


XVII A 
XVIII E.. 

XV B 


Wiouebago and 
Fond du Lac 






25.1 
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bered consecutiTely. F""*^ t..„_^_ i_ !_:, i__.. J __:, i_j.__., 

no attempt being mad 
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A. SoienUflc Series. — The bulletins so designated consist of original 
contributions to the Keolovy and natural history of the state, which are of 
scientific interest ratner than of economic importance. 

B. Eoonomio Series.— Tbia aeries includes those buUetiiu whose In- 
terest is chiefly practical and economic. 

C. Educational Series.— The bulletins of this series are primarilf 
designed tor use by teachers aud in the schools. 
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Bulletin No. I. Eoonomio Series No. 1. 

Ott the Forestry Conditiooa of Northern Wisconsin. Pilibert Both, 
Special Agent, United States Department of Agriculture. 1898. Pp. vL, 
78; 1 m:ip. Sent on receipt of 10c. 

liulleUn No. JI. SoienHflo Series No. 1. 

On the Inetincta and Habits of the Solitary Wasps. George W, Peck- 
ham and Elizabeth O. Peckham. 1898. Pp. it., 241; li plates, of 
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Geologist, Wisconsin Geological and Natural History Surrey. 1898, F^, 
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Bulletin No. IV. Eoonomio Seriet No. t. 
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son Buckley, Fh. D., Assistant (Geologist Wisconsin Geological and 
Natural History Survey. 1898 (issued in 1899). Pp. xxvi., 514; 68 
plates, of which 7 are colored, and 1 map; 1 figures in the text. Sent on 
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